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Chapter  1 
Introduction 


II  This  envircnmenial  guide  identifies  and  presents  information  an  oceanic  pa¬ 
rameters  which  affect  ASW  systems.  The  informs  linn  must  he  as  aa 

pnsrihls  ia  erdar to-be  useful  for  planning  piwpoaas,  yat  it  raanrrf,  without  be. 
cceaing  nnahereoms  to  use,  contain  afl.  the  detailed  data  amttmmj  foe  acoustic- 
performance  prediction  is  a  specific  rituatioo.  Tlawjpiformatiqn  ia  preaented 
in  a  aummary  format  each  that  their  anal  Retribution  and  temporal  variability 
can  be  readily  acceaaed  and  extracted  by  non-specialist  planners.  The  present 
guide  limits  itself  to  th*  continental  shelf  area  off  tbe  east  coast  of  Canada  from 
the  CANLANT  western  boundary  (6fi*W)  to  the  Strait  of  Belle  Isle,  including 
the  Gulf  of  St.  Lawrence. 

Two  baric  groups  of  information  are  presented.  The  first  group  consists  of 
general  environmental  aspects  which  provide  a  climatological  and  oceanographic 
perspective  of  the  area  of  interest.  These  provide  users  who  are  not  already 
familiar  with  the  area  with  a  good  description  of  the  basic  features.  The  second 
group  consists  of  specific  ASW  considerations  and  includes  data  of  a  more  direct 
application  to  ASW  operations.  AH  portions  of  this  guide  taken  together  should 
help  mission  planners  to  take  better  advantage  of  the  specific  conditions  found 
in  tbs  area  of  interest,  and  to  adjust  tactics  accordingly.^ 

The  information  on  these  parameters  has  been  recouped  into  two  parts: 

s  Part  It  •  contains  an  essewment  of  the  state  of  knowledge  on  each  of  the 


panmeters  aimed.  It  should  be  consulted  whenever  a  question  arises 
regarding  the  source  or  exact  nature  of  the  data.  The  information  is 
generally  organised  as  follows: 

-  description  of  the  parameter 

-  ha  impact  on  ASW 

-  its  variability  (spatial  and/or  temporal) 

-  the  resolution  required  for  ASW 

-  existing  data  set: 

•  source  of  data  (agencies,  data  sets) 

«  techniques  or  methodology  used  to  collect  the  data 

•  resolution  and  accuracy  of  the  data 

•  comage  provided 

Part  lit  -  contains  the  actual  environmental  information  for  each  of  the 
parameters.  The  information  is  presented  as  follows: 

-  description  by  region 

-  significant  anomalies  and  special  features 

-  data  products. 


Chapter  2 

Bottom  Features 


2.1  Bathymetry 

The  geographical  boundaries  of  the  area  are  the  North  Shore  of  Quebec  to 
the  north  and  the  St.  Lawrence  Estuary  to  70*  W  longitude,  the  Gaspe  Penin¬ 
sula,  New  Brunswick,  Nova  Scotia  and  66*W  (CANLANT  limits)  *o  the  west 
(Figure  2.1).  The  a&hore  limit  to  tly,  south  and  to  the  east  is  determined  by  the 
200  m  isobath.  The  area  includes  as  the  most  easterly  point  the  Flemish  Cap 
(~  47'00'W).  Several  islands  are  found  within  this  area:  Newfoundland,  Prince 
Edward  Island,  Anticosti  Island,  the  Magdalen  Archipelago,  Sable  Island,  St. 
Pierre  and  Miquelon,  to  name  the  most  important. 

2.1.1  Regional  Description 

Golf  of  St.  Lawrence 

The  Gulf  of  St.  Lawrence  has  an  area  of  214  x  10s  km*.  The  St.  Lawrence 
River  cad  other  nailer  riven  of  the  gulf  receive  the  drainage  from  an  area  of 
approximately  13  x  10*  km*.  The  gulf  connects  with  the  open  ocean  through 
the  Cabot  Strait  (104  km  wide)  sad  to  a  ranch  lesser  extent  the  Strait  of  Belle 
Isle  (16  km  wide). 

The  main  feature  of  the  bathymetry  is  the  Laureatiaa  Channel  which  cuts 
the  St.  Lawrence  Estuary  from  the  mouth  of  the  Saguenay  River  and  extends 


aoon  the  gulf  with  depth*  of  250  to  400  za.  From  Cabot  Strait,  the  rbxnrn-1 
extends  to  the  continental  sndf  south  of  Newfoundland  with  the  depth  increas¬ 
ing  from  400  to  flflO  m  while  the  width  remains  apprapriraately  ICO  km  Another 
important  feature  is  the  Esquimau  Channel  which  branches  off  from  ihe  Lau- 
rmtian  Channel  and  extends  from  the  centre  at  the  gulf  northeastwards  towards 
the  Strait  at  Bdle  Isle.  Its  depth  gradually  decreases  from  300  m  to  00  m  at  the 
Strait  of  Belle  Isle.  The  eastern  portion  of  the  gulf  is  occupied  by  the  Magdalen 
Shallows  which  coven  one-quarter  of  the  gulf  area  and  has  an  average  depth  of 
only  50  m. 

Scotian  Shelf 

The  Scotian  Shelf  is  characterized  by  a  rather  complex  bathymetry  dom¬ 
inated  by  several  notable  features.  The  nearshore  zone  to  a  depth  of  100  m 
is  characterized  by  a  rough  topography.  The  central  portion  of  the  :;hclf  has 
an  average  depth  of  150  m  and  gradually  deepens  to  form  basins  such  as  the 
Emerald  Basin  (~  280  m)  and  the  LaHave  Bum  (240  m)  or  rises  to  lew  than 
100  m  to  form  several  small  banks  (Roeeway,  Mckenzie  Spot,  Caaso,  etc.).  The 
outer  shelf  is  occupied  by  a  series  of  shallow  banks  with  depths  less  than  100  m, 
gradually  shoaling  to  the  surface  at  Sable  Island.  It  is  cut  by  several  channels 
such  as  the  Fundiaa  Channel  (—  250  m)  and  The  Gully  (~  150  m).  Several 
submarine  canyons  can  also  be  found  along  the  slope. 

Grand  Banks 

The  Grand  Banks  area  consists  at  five  main  banks  (St.  Pierre,  Green, 
Whale,  Wooifall  and  Grand  Bank)  separated  from  each  other  and  from  the 
shore  by  four  main  channels  (St.  Pierre,  Halibut,  Haddock,  and  Avalon).  The 
Banks  are  fiat  with  a  generally  smooth  surface,  rising  to  within  100  m  of  the 
surface.  Grand  Bank  itself  forms  a  major  continental  f  plateau  extending 
approximately  500  km  offshore,  covering  an  area  at  some  270,000  km2.  It  has 


an  average  depth  of  60  m  except  aver  the  Southeast  Shoal,  a  Urge  plateau 
where  the  depth  decreases  to  40  m.  One  important  consideration  for  safety  of 
navigation  is  the  presence  of  some  rock  outcrop*  between  Woolfall  Bank  and  the 
northern  portion  of  the  Grand  Bank-  Virgin  Rock  located  at  46*7TN,  50*44rW 
rises  to  a  depth  at  only  4  m  and  Eastern  Shoals  located  some  20  km  east  of 
Virgin  Rocks  rises  to  14  m. 

The  northwest  portion  at  the  area  is  an  area  at  irregular  bathymetry  with 
localised  basins  and  shoals.  Downing  Basin  contains  amerom  depressions  1  to 
4  km  wide  and  5  to  IS  km  long  with  water  depths  of  100  to  250  m. 

Further  to  the  north  and  to  the  east,  the  depth  increases  rapidly  to  more 
than  1000  m.  To  the  east,  Flemish  Pass  separates  the  Grand  Banks  from 
Flemish  Cap  which  rises  to  a  depth  of  140  m.  Finally,  the  presence  of  several 
submarine  canyons  gouged  in  the  slope  along  the  edge  of  the  Banks,  particularly 
an  the  east  side  of  the  Tail  at  the  Bank,  is  noted. 

2.1.2  Bathymetric  Charts 

Detailed  bathymetry  is  provided  on  the  charts  which  have  been  produced 
by  the  Canadian  Hydrographic  Service  (CHS)  of  the  Department  of  Fisheries 
and  Oceans: 

s  Map  $01- A  Bay  of  FVindy  to  Gulf  of  St.  Lawrence  (Bathymetry); 

•  Map  802- A  Newfoundland  Shelf  (Bathymetry); 

•  Map  NM-19  Lower  St.  Lawrence  Estuary  (Baihynetry); 

•  Map  MN-21  Strait  of  Belle-Isle  (Bathymetry 

These  1:1,000,000  charts  provide  bathymetric  information  with  a  depth  res¬ 
olution  of  10  m. 


2.1.3  GIS  Bathymetry 


A  limited  set  of  isobaths  (SO,  100, 150,  200, 300, 400,  500,  and  1000  m)  have 
been  included  is  the  initial  GIS  version.  The  complete  aet  of  depth  contours 
(10  m  interval)  could  however  be  included.  Each  isobath  can  be  individually 
selected,  deselected,  or  highlighted  fay  assigning  a  different  colour.  Bathymetric 
information  can  thus  be  displayed  in  the  most  convenient  way  to  meet  the  user’s 
needs,  from  large  area  general  features  to  detailed  bathymetry  of  subareas  of 
any  aise. 

2.2  Sediment  Types 

2.2.1  Sediment  Formations 

King  (1970]  identifies  five  types  of  format  inn  i  on  the  Scotian  Shelf  and  the 
Western  Grand  Banks  area.  Some  physical  properties  of  the  sediments  consti¬ 
tuting  these  formations  axe  listed  in  Table  2.1.  Losing  and  Not*  [1072]  in  their 
study  of  the  geology  of  the  Gulf  of  St.  Lawrence  used  a  different  sediment  clas¬ 
sification.  Their  sediment  classification  and  its  equivalence  in  terms  of  sediment 
classes  used  by  King  [1970]  are  shown  in  Tkble  2.2. 

2.2.2  Sediment  Properties 

As  mentioned  in  Part  I,  the  geoacoustic  profile  is  generally  accepted  as 
the  most  flexible  and  useful  means  of  characterising  the  interaction  of  sound 
with  the  seafloor  .  Given  the  complete  geoacoustic  profile  (density,  speed,  and 
attenuation  structure  of  the  seafloor),  it  is  theoretically  possible  to  accurately 
predict  bottom  effects  on  acoustic  propagation, 

It  is  felt  that  the  propagation  in  shallow  water  of  bottom  interacting  sig¬ 
nals  will  depend  most  strongly  on  the  sound  speed  ratio  at  the  water -sediment 
interface.  The  second  most  important  consideration  is  the  sediment  thickness, 
followed  by  the  combination  of  sediment  attenuation  and  sound  speed  gradi- 
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Table  2.1:  Sediment  formation  characteriatica  (Scotian  Shelf  and  weatern  Grand 
Banka  ).  (After  King,  1970) 


8 


Media* 

Six* 


Scotiaa  Shell 
Equivalent 


£02  -  0A5  dus  LaHave  day 
Emerald  Silt 


Ihhle  2.2:  Sediment  format  ion  characteristics  for  Use  Gulf  of  St.  Lawrence  and 
the  equivalent  formations  on  the  Scotian  Shelf. 

ent  [Spoffixd  et  aL,  1984].  Finally,  shear  wave  sound  propagation  can  play  a 
significant  role  in  some  cases.  Therefore  shear  wave  speed  and  attenuation  are 
required. 

Estimates  of  some  of  the  these  acoustical  properties  of  the  sediments  for  the 
Scotian  Shelf  and  the  Grand  Banks  are  listed  in  Table  2.3.  These  values  were 
obtained  from  S.J.  Hughes  and  D.D.  Ellis  (DREA,  informal  communication] 
and  are  baaed  on  their  low  frequency  propagation  modelling  experience,  and 
values  from  the  existing  literature  [Hamilton,  1980). 


2.2.3  Sediment  Type  Charts 

Data  are  contained  in  a  series  of  charts  covering  the  following  areas: 
a  Gulf  of  St.  Lawrence  (Figure  2.2) 

•  Western  Scotian  Shelf  (Figure  2.3) 


•  Eastern  Scotian  Shelf  (Figure  2.4) 
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Tahie  2.3:  Phyncal  properties  of  the  Scotiu  Shelf  sad  Grand  Banka  sediment*. 
Specific  gravity  refer*  to  density  relative  to  water.  (FVocn  Hughes  and  Ellis, 
informal  communication) 

•  Western  Grand  Banks  (Figure  2.5) 

2.2.4  GIS  Sediment  Type 

Surfidal  geology  information  from  the  source  documents  listed  in  Part  I 
has  been  digitised  and  incorporated  into  the  GIS. 

2.3  Sediment  Thickness 

The  information  available  on  sediment  thickness  consists  of  a  series  of  charts 
[King  et  aL,  1985]  which  show  the  present  state  of  knowledge  on  the  thickness 
of  the  sediment  layers  covering  the  Grand  Banks  and  the  Scotian  Sh*lf  These 
maps  have  not  been  included  in  this  document  due  to  their  large  number 
high  resolution,  and  because  it  was  beyond  our  resources  to  convert  this  infor¬ 
mation  into  a  chart  format  more  adequate  for  the  present  need.  Some  short 
descriptions  taken  from  King’s  study  [1985]  on  the  main  characteristics  of  the 
sediment  layers  are  included  in  Subsection  2.3.1.  (All  sediment  thickness  charts 
have  however  been  digitised  and  included  in  the  GIS.) 


Figure  2.2:  Distribution  of  surface  sediments  in  the  Gulf  of  St.  Lawrence. 
(After  Loring  and  Nota,  1972). 


Figure  2.3:  Distribution  of  surface  sediments  in  the  western  portion  of  the 
Scotian  Shelf.  (After  King,  1970  and  Drape au  and  King,  1972). 


Figure  2.4:  Distribution  of  surface  sediments  in  the  eastern  portion  of  the 
Scotian  Shelf.  (After  King,  1970,  McLean  and  King,  1971  and  McLean  et  al., 
19H). 
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Figure  2.5:  Distribution  o (  surface  sediments  in  the  eastern  portion  of  the  Lau- 
rentiaa  Channel  and  western  Grand  Banks.  (After  Fkder  et  al.,  1977). 


2.3.1  Regional  Description 

The  dominant  feature*  of  the  sediment  thickness  and  their  degree  of  vari- 
ability  have  been  identified  from  the  study  by  King  et  aL  (1985].  Where  the 
data  were  too  (pane  to  allow  contour  drawing,  only  qualitative  aaaewnnent  is 
given  by  the  code  letters  A,  B,  and  C  which  correspond  to  the  following  cate¬ 
gories  respectively: 

e  A.  Significant  sediment  thickness. 

e  B.  Region  of  highly  variable  —dimut  thickness. 

#  C.  Swtfinwmt  veneer  to  several  metre  thickness. 

Scalka  Shtif 

•  Georg—  Bank:  The  northeastern  part  of  Georges  Bank  is  coveted  by 
•  thin  and  patchy  (<  1  m)  layer  of  sand  over  a  thin  gravel  deposit.  The  sand 
patches  are  mainly  low  amplitude,  long  wavelength  sand  ridges.  The  eastern 
portion  of  the  bank  has  a  simitar  bedform  occurring  over  a  thicker  layer  of  sand 
(2  to  10  m). 

*  Fundian  Channel:  The  northeastern  portion  of  the  Pundian  Channel 
develops  eeaward  into  several  submarine  canyons  that  are  filled  mottly  by  glacial 
till  covered  by  sand  (1  to  5  m  thickness). 

•  Browns  Bank:  The  sediment  cover  in  the  southwest  portion  is  vari¬ 
able  and  rang—  from  leas  than  5  m  to  greater  than  50  m  in  thickness.  The 
poor  quality  of  the  data  ewer  the  remainder  of  the  area  do—  not  allow  a  clear 
description. 

-  Bacearo  Bank,  LaHave  Bank,  Roaeway  Banlu  The  poor  quality  of 
the  data  only  permits  the  identification  of  a  sediment  verner  (Category  C). 

-  LaHave  Basin,  Ro— way  Basin  and  E  ms  raid  Basuu  LaHave  Basin 
is  covered  by  30  to  70  m  of  sediments  where—  Roseway  Basin’s  sediments  are 
usually  Emit— 4  to  30-45  m.  The  thickest  accumulation  in  the—  basins  infills 


the  deepest  erosion  scan  in  the  bedrock  surface.  In  Emerald  Basin,  these  infills 
can  reach  a  thickness  at  more  than  100  m. 

•  Inner  Shelf:  The  high  variability  at  the  sediment  thickness  in  this  area 
prevents  contouring.  Average  thickness  is  approximately  10  to  15  xa,  thinning 
towards  land.  The  thickness  varies  depending  upon  the  variability  ot  the  un¬ 
derlying  bedrock  sad  ranges  from  aero  on  the  bedrock  topographic  heights  to 
a  maximum  at  30  m  in  isolated  pockets. 

•  Ganeo  Bank  Ann  On  the  bank  itself,  a  veneer  at  sand  is  found  (<  10 
m).  Between  the  bank  and  the  inner  ahdf  sone,  the  sediment  cover  is  variable 
and  rather  unpredictable.  This  complexity  is  due  to  the  presence  at  several, 
very  small  basins  related  to  the  Glooscap  fault  system  [King  et  aL,  1985]. 

•  Mkaine  and  Artimon  Banka*  Sediment  thickness  is  quite  variable 
and  dependent  upon  the  geometry  of  the  underlying  bedrock  surface  which  is 
heavily  incised.  The  thickness  is  generally  less  than  10  to  15  m  between  bedrock 

but  can  be  as  thick  as  100  m  within  the  channels.  Channelling  tends 
to  be  more  intense  near  the  edge  of  the  banks. 

•  Sable  Island  Bank  Area*  The  thickness  is  believed  to  average  at  least 
100  m  an  Sable  Island  Bank.  It  often  exceeds  150  m  and  tends  to  thin  towards 
the  Western  Bank.  The  variability  could  be  natch  higher  than  indicated,  but 
the  data  coverage  is  not  sufficient  to  ascertain  the  exact  structure.  Only  the 
margins  at  Middle  Bank  have  data  coverage  and  extrapolation  of  results  found 
in  adjacent  banks  suggest  a  highly  variable  section  (20-200  m  thick).  Much  at 
the  hank  has  not  been  surveyed,  therefore  contouring  is  not  possible  [King  et 
aL,  1985). 

•  The  Gully  and  Adjoining  Channels*  This  section  includes  the  Gully 
and  the  irregular  topography  surrounding  Mi  sains  and  Artimon  Bank.  Sedi¬ 
ment  tbiclnw  is  highly  variable,  ranging  from  leas  than  20  m  to  more  than 
200  ui  in  the  deepest  bedrock  channels.  In  the  Gully  itself,  the  thickness  can 

250  m.  Except  in  the  Gully,  contouring  is  however  not  possible  due  to 
fare  data  coverage. 
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•  Buqurcau  Sediment  thickness  averages  well  in  excess  of  100  m  with 
thicker  spots  reaching  200  m.  As  an  Sable  Island  Bank,  the  layer  appears  to 
thin  towards  the  northern  margin.  Measurements  are  too  sparse  for  regional 
contouring  of  this  bank. 

•  Southeastern  Laorentian  Channel:  The  data  for  this  region  is  both 

extensive  and  of  good  quality  The  sediment  surface  is  a  relatively  horizon¬ 
tal  surface,  except  near  the  edges.  Since  the  underlying  bedrock  is 

relatively  smooth  and  has  been  eroded  mostly  in  the  centre  of  the  channel, 
maximum  sediment  thickness  is  found  in  centre  of  the  channel  (100  to  140 
m).  In  the  region  of  St.  Pierre  Bank  and  Misaine  Bank  however,  the  thickness 
increases  to  250  m. 

final  Hstilrs 

The  basins  an  the  Grand  ftsek*,  are  characterised  by  a  highly  variable 
sediment  thickness  Over  the  southern  and  eastern  Grand  Banks,  it  is  usually 
leas  than  10  m.  On  the  northern  Grand  Banks,  in  water  depths  less  than  110 
m,  the  deposits  are  leas  than  3  m  thick.  Thickness  increases  in  the  I>  wning 
Basin  and  southern  part  of  the  Avalon  Channel  where  up  to  40  a  of  till  has 
been  mapped  (Mobil  Oil,  1984].  For  the  most  part  however,  the  Grand  Banks 
is  characterized  by  large  expanses  with  thin  to  highly  variable  sediment  cover. 

-  Halibut  Channel:  Features  are  similar  to  that  of  the  Laurentiau  Chan¬ 
nel.  Sediment  thickness  ranges  from  less  than  20  m  on  the  adjacent  bank  tope 
to  more  than  100  m  in  the  deepest,  central  part  of  the  channel.  Thinning  takes 
place  gradually  towards  the  north,  and  more  abruptly  to  the  south. 

•  St.  Plerrs  Channel,  Green  Bank,  Haddock  Channel,  and  Whale 
Bank:  This  whole  area  is. characterized  by  sediments  that  infill  and  cover  an 
irregular,  channelled,  bedrock  surface.  The  layer  thins  and  becomes  less  variable 
towards  the  south,  in  the  outer  continental  shelf  areas.  The  variability  is  very 
high,  and  contouring  is  therefore  impossible. 


17 


•  Inner  Slnlfi  This  area  baa  feat  area  similar  io  that  of  the  Scotian  Shelf 
ncarahore  area.  The  thickneaa  is  generally  leas  than  10  m  except  near  north¬ 
eastern  St  Pierre  Bank. 

•  Tail  of  the  Bank  and  Grand  Bank:  Moat  of  this  region  is  characterized 

by  thin  cower  with  a  random  distribution  of  am  all,  low  amplitude  sand 

ridges  whose  shape  and  orientation  are  unknown.  Beyond  the  80-90  m  isobath, 
the  sediments  form  a  wedge  down  to  30  m  along  the  shelf  break.  Virgin  Bodes 
and  Eastern  Shoals  are  characterised  by  a  very  thin  layer  or  the  total  abeence 
of  sediment. 

•  Virgin  Rocks  to  Whale  Basin  Area:  Whale  Deep  consists  of  a  duster 
of  troughs  with  — infill  of  up  to  185  m  thick  separated  by  sediment 
covet  as  low  as  2  to  10  m.  Between  Whale  Deep  and  Virgin  Rocks,  areas  of 
thin  — «m«n*  cover  (0J5  to  7  m)  are  cut  by  numerous  channels  typically  filled 
by  30  to  60  m  of  sediments  (maximum  120  m). 

-  Downing  Basin,  Conception  Bay  Area:  This  region  contains  thick 
infill  reaching  a  thickness  of  ana:  85  to  130  m  in  the  basins.  The  region 
between  Downing  Beam  and  the  Avalon  Channel  is  characterised  by  thin  sand 
cover  with  low  amplitude  ridges.  The  northwest  portion  of  this  area  is  occupied 
by  a  basin  which  is  blanketed  by  abundant  glarial  till  with  thicknesses  ranging 
from  20  m  near  the  flanks  to  over  160  m  towards  the  centre.  The  flanks  are 
also  marked  by  heavy  iceberg  scouring  of  the  surface  which  results  in  irregular 
sediment  thickness. 

•  Hibernia:  This  region  is  characterized  by  a  continuous  sheet  of  sand 
which  thickens  in  a  northeast  direction  from  2  to  3.5  m.  Some  ridges  with 
thij-IrM— —  of  2  to  5  m  and  sediment  pockets  infilling  small  depression*  cause 
some  variability  in  this  pattern. 


Flemish  Cm 


^e*eureEQen**  available  over  the  Flemish  Cap  do  not  allow  the  identification 
of  the  sediment  types  or  thickness.  However,  an  indication  on  the  roughness  has 
been  derived  from  the  echo  sounder  data  available.  Based  on  the  measurements 
of  the  amplitude  and  wavelengths,  the  relief  features  have  been  regrouped  into 
the  following  roughness  provinces: 

•  Province  A:  Dominant  features  are  greater  than  8  m  in  amplitude  and 
wavelengths  are  roughly  200  to  500  m.  This  relief  is  attributed  mostly  to 
bedrock  outcrop  or  strong  bedrock  control 

•  Province  8:  Relief  features  vary  from  1  to  8  m  and  their  wavelength  be¬ 
tween  50  m  to  1  km.  This  type  of  relief  is  believed  to  be  also 

w<-;  h  bedrock  outcrop  and  bedrock  covered  by  a  thin  sediment  veneer. 

•  Province  C:  Relatively  fiat  surfaces  with  frequent  isolated  occurrences  of 
low  amplitude  (1  to  3  m)  relief  features. 

•  Province  D:  Essentially  a  fla  (dfc0.5  m  to  ±2  m)  smooth  surface. 

The  map  in  Figure  2.6  shows  that  the  roughest  areas  of  the  Flemish  Cap 
are  caused  by  numerous  isolated  occurrences  with  relief  of  up  to  20  m.  The 
smoothest  areas  exhibit  relief  of  less  than  2  m,  occur  among  the  rougher  patches, 
and  are  associated  with  some  sediment  cover  over  bedrock.  The  of  Flem¬ 
ish  Cap  exhibit  an  intermediate  roughness,  often  with  terraces,  and  are  also 
■aaodated  with  sediment  cover  (King  et  al.,  1935]. 

2.3.2  GIS  Sediment  Thickness 

All  the  information  on  sedim. .  nickness  obtained  from  King  et  al.  (1985) 
baa  been  digitised  and  is  included  in  the  GIS  for  easy  access  at  the  required 
scale. 


Fl£MSH  CAP  SEA6LD  ROUGHNESS 
■  A;  Relief  8-20  m,  wl  200-500  m 

□  8:  Relief  1-8  m,  wl  50-1000  m 

□  C  Relief  1-6  m,  wl  50-1000  m 

@  D:  Relief  0-2  m,  wl  25-100  m 


Figure  2.6:  Bottom  roughnew  map  of  the  Flemish  Cap  (After  King  et  «J.,  1985) 
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2.4  Physiographic  Provinces 

2.4.1  Physiographic  Provinces  Chart 

Physiographic  provinces  represent  areas  of  similar  topographic,  structural 
and  morphological  characteristics  that  are  likely  to  show  a  similar  acoustic  re¬ 
sponse.  These  are  shown  on  the  chart  in  Figure  2.7.  Furthermore,  a  description 
of  these  provinces  is  given  in  the  following  section. 

2.4.2  Physiographic  Provinces  Description 

Inner  Shelf 

This  province  includes  the  areas  from  the  shore  to  a  depth  of  100  m  along 
the  coast  of  the  Quebec  North  Shore,  along  most  of  the  Newfoundland  coast 
and  along  the  coast  of  Nova  Scotia  .  This  region  has  a  relatively  constant  width 
of  approximately  30  km  along  Nova  Scotia  and  Quebec,  but  is  very  irregular 
along  the  coast  a f  Newfoundland,  in  particular  the  east  and  south  coasts.  It  is 
characterized  by  a  rough  bathymetry,  since  it  is  an  extension  of  the  adjacent 
land  into  the  ocean  thus  having  the  same  bedrock  formation  and  a  similar 
geological  history  [Drapeau  and  King,  1972].  It  is  mostly  covered  by  a  thin 
layer  of  sand  and  graveL 

Sound  propagation  is  expected  to  be  very  poor  at  low  frequencies  due  to 
the  shallow  depth  and  the  presence  of  a  thin  and  irregular  layer  of  sediment. 
At  higher  frequencies,  high  bottom  scattering  can  be  expected  due  to  bottom 
roughness. 

Laurentian  Channel 

This  a  broad  trough-like  depression  that  extendi  from  an  area  near  the 
mouth  of  the  Saguenay  River  in  the  St.  Lawrence  Estuary,  through  the  Gulf  of 
St.  Laurence  and  continues  across  the  continental  shelf  to  the  shelf  edge.  From 
the  Pointe-dea- Monts  area,  it  is  on  average  100  km  wide  and  forms  a  relatively 
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straight  trough  with  steep  sides.  The  floor  at  this  channel  contains  several  large 
elongated  depressions  presumably  formed  by  glacial  overdeepening.  Tributary 
channels  join  the  main  channel  (er  Esquimau  Channel).  Its  floor  geneially 
has  a  smooth  surface  except  for  those  areas  in  which  the  presence  of  glacial  till 
produces  an  undulating  surface  [Mac Lean  and  King,  1971]. 

Sound  propagation  should  be  better,  or  at  least  more  predictable,  than  in 
most  of  the  area  under  study  when  both  the  receiver  and  the  target  are  inside 
the  Chan  neb  due  to  the  greater  depth  and  the  homogeneity  of  the  sediment’s 
composition,  thickness  and  structure. 

Lower  St.  Lawrence  Estuary 

The  Laurentian  Trough  extends  upstream  into  the  St.  Lawrence  Estuary  to 
Tadoussac,  seaward  of  the  Saguenay  Fjord  entrance.  The  width  of  the  channel 
decreases  from  40  km  to  leas  than  10  km  while  the  depth  remains  relatively 
constant  at  300  m.  This  area  is  basically  a  fjord  and  the  problem  of  side 
boundaries  is  therefore  more  predominant. 

Magdalen  Shallows 

Very  shallow  (50  m)  and  fiat  area  that  covers  one-quarter  of  the  Gulf  of 
St.  Lawrence.  The  bottom  is  covered  mostly  by  sand  and  gravel.  Sound 
propagation  characteristics  should  be  relatively  constant  over  the  wbole  area. 

Central  Scotian  Shelf 

The  southwest  and  middle  portiou  of  the  central  shelf  fo.  ms  a  broad  trough 
which  I'es  parallel  to  the  coastline.  The  trough  is  40  to  50  1cm  wide  and  <*xtends 
more  or  leas  continuously  along  this  portion  of  the  Scotian  Shelf  to  61*N.  It 
comprises  two  main  basins  which  form  large  transverse  depression*  branching 
from  the  longitudinal  trough:  Emerald  and  Lallave  Batins.  They  reach  a  depth 
of  up  to  275  m.  A  third  imaUer  and  shallower  basin.  Row  way  Basin,  lies  to 
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the  southwest,  separated  from  the  others  by  Roeeway  Beak.  The  basins  end 
troughs  ham  smooth,  gently  sloping  surfaces  end  era  partly  filled  and  mantled 
by  unconsolidated  —riwrvnts  with  the  top  layer  of  these  sediments  consisting  of 
a  eery  fine  nature,  such  as  La  Have  Clay  and  Emerald  Silt  [King,  1970]. 

Outer  Scotian  Shelf 

The  outer  shelf  is  a  broad  sane,  50  to  fi5  km  wide  and  comprised  of  a  chain 
of  shallow  banks  which  extend  along  the  continental  margin.  It  is  an  area  of 
high  relief  which  runs  parallel  to  the  shelf  edge.  Several  broad,  mare  at  lea 
fiat-topped  banks  separated  by  shallow  depressions  form  a  saddle  shape.  They 
are  covered  by  a  layer  of  material  which  is  coarser  than  that  found  in  the  basins. 
This  material  is  mostly  Sable  Island  sand  and  gravel  [King,  1970]. 

Northeast  Scotian  Shelf 

This  portion  of  the  central  shelf  between  61*  W  and  the  Laurentiaa  Channel 
is  more  highly  dissected  and  bathymetrically  more  complex  than  the  portion  of 
the  shelf  to  the  west.  The  seabed  across  the  area  is  irregular  and  in  places,  very 
rough.  The  roughness  arises  from  an  uneven  surface  at  underlying  bedrock  as 
well  as  from  the  presence  of  glacial  debris  which  may  have  been  partly  modi¬ 
fied  [McLean  and  King,  1971].  In  addition,  some  of  the  depressions  have  been 
filled  by  sediments  of  various  types  which  results  in  large  fluctuations  in  sed¬ 
iment  thickness  over  a  small  area.  Sound  propagation  characteristics,  when 
bottom  interaction  is  important,  can  be  expected  to  be  highly  variable  and 
unpredictable. 

Deep  Channels 

Several  narrow  channels  of  10  to  30  km  width,  can  be  found  mostly  east  of 
the  Grand  Banks  They  represent  discontinuities  in  the  relatively  shallow  and 
fiat  bathymetry  of  the  surrounding  banks.  The  bottom  is  generally  covered  by 


a  thin  Layer  of  Sambro  land  and  glacial  till. 

Grand  Bank 

Thu  is  a  vast  shallow  area  with  a  very  smooth  bottom,  especially  in  its 
centre  and  northeast  portion  (Great  North).  It  also  includes  the  very  shallow 
areas  of  the  Southeast  Shoal  and  Woolfall  Bank.  The  thickness  of  the  sediment 
layers  is  variable,  but  they  form  mostly  a  thin  veneer  over  the  bedrock.  Sound 
propagation  should  be  poor  for  low  frequencies  due  to  the  shallow  depth  and 
the  sediment  structure.  Use  of  high  frequencies  should  be  hampered  by  high 
bottom  reverberation  levels. 

North  Basin 

This  is  the  area  north  of  Grand  Bank,  between  the  Avaicn  Channel  and 
Great  North  Basin.  It  is  characterized  by  an  increased  depth  (100-200  m)  and 
a  rougher  bathymetry.  The  aediment  distribution  is  also  less  homogeneous. 
Glaciomarine  sediments  and  till  commonly  fill  channels  and  depressions  in  the 
bedrock  surface.  The  sediments  consist  of  sand  and  gravel  in  the  shallow  por¬ 
tion a  (less  than  100  m),  and  glacial  deposit  and  fine  grained  marine  sediments 
predominantly  in  deep  channels  and  basins  [Fader  and  King,  1931]. 

Flemish  Cap 

The  Flemish  Cap  is  a  bank  that  rises  in  a  gentle  slope  from  depths  of  ap¬ 
proximately  350  m  to  120  m  on  the  west  and  north  side.  On  the  east  side,  the 
slope  is  steeper,  whereas  on  the  south  side  it  drops  abruptly  into  the  Newfound¬ 
land  Basin  (3500  m). 

2.5  False  Targets 

See  the  classified  appendix  of  this  document. 


2.6  Magnetic  Anomaly 

The  Available  information  may  unfortunately  be  of  little  value  for  tactical 
purpose*  for  the  reason  given  in  Part  L  Some  information  is  nevertheless  in¬ 
cluded  and  the  areas  that  are  potentially  more  noisy  for  MAD  systems  due  to 
the  strong  spatial  gradients  in  the  magnetic  field  are  identified. 

2.6.1  Magaetic  Anomaly  Chart 

Verhoef  and  Macnah  [1987]  have  compiled  ail  the  existing  geomagnetic 
data  to  produce  an  updated  1:  5,000,000  chart  covering  most  of  the  continental 
margin  of  eastern  Canada.  Part  of  this  chart  is  included  in  Figure  2.8.  It 
shows  the  locations  where  strong  shear  gradients  in  the  geomagnetic  field  exist 
as  the  transition  between  dark  and  light  areas  an  the  map.  These  zones  may 
be  associated  with  higher  noise.  As  well,  areas  of  sharp  topographic  features 
are  also  potentially  noisy  areas  for  MAD  systems. 

2.6.2  Other  Data  Seta 

Additional  information  is  contained  in  the  classified  appendix  of  this  doc¬ 
ument. 


28 


Figure  2  8:  Magnetic  anomaly  chart  (After  Vcrhoefond  MacNab,  1087). 


Chapter  3 


Climatology 


3.1  Canadian  East  Coast  Climatology 

3.1.1  Storm  Frequency  Statistics 

The  low  pm— me  systems  that  bring  eloudine—  end  precipitation  tend  to 
more  northeastwardly  acne*  the  area.  The  storm  frequency  is  highest  during 
the  cold  months  (December  through  May)  aa  shown  in  Figure  3.1. 

Tropical  cyclones  that  drift  westward  aero—  the  Atlantic  and  then  recurve 
to  the  north  and  northeast  often  reach  the  Canadian  ease1,  coast  area  as  tropical 
storm*.  Their  peak  month*  a t  occurrence  are  September  and  October  aa  seen 
in  Figure  3.2. 

3.2  Wind  Data  Products 

3.2.1  Mean  Winds 

Under  the  influence  at  the  dominant  large-scale  atmospheric  pressure  field 
(eg.,  Icelandic  low,  A  sore*  high),  surface  winds  are  generally  northwesterly 
during  autumn  and  winter,  and  south  westerly  during  spring  and  summer. 
Maps  depicting  monthly  mesa  wind  speed  and  direction  are  included  in 


Figure  3.1:  Mesa  number  of  low  pressure  storms  per  month  on  Canadian  east 
coast  regions.  (After  Crutcher  and  Quayle,  1974) 


Figure*  3.3  and  3.4  .  The  wind*  are  computed  from  the  ships’  observation 
database. 


3.2.2  Wind  Roses 

A  more  complete  description  of  the  wind  variability  is  provided  by  monthly 
8-paint  wind  roses  which  indicate  the  joint  frequency  distribution  of  the  wind 
from  a  particular  direction  against  wind  speed  in  five  knot  rleeeee  as  described 
in  Figure  3.5.  Th"  roses  are  included  to r  3  locations  situated  roughly  at  the 
centre  of  the  dulf  of  St.  Lawrence  (Figure  3.8),  the  Scotian  Shelf  (Figure  3-7), 
and  the  Newfoundland  and  Grand  Banks  areas  (Figure  3.8). 

3.2.3  Storm  and  Gale  Force  Wind  Frequency  Maps 

These  data  sheer  the  frequency  of  occurrence  of  wind  speeds  greater  than 
predetermined  wind  speed  thresholds  for  selected  months  of  the  year  (Fig¬ 
ure  3.9).  The  thresholds  are  34  knots  for  gals  force  winds,  and  48  knots  for 
storm  force  winds. 

3.2.4  Storm  Force  Wind  Duration  Contour  Maps 

Tbs  maps  in  figure  3.10  show  contours  of  estimates  of  the  maximum  dura¬ 
tion  of  the  storms  (wind  speed  greater  than  or  equal  to  48  knots)  over  the  area 
at  different  times  of  the  year.  The  Geoetrophic  Wind  Climatology  data  aet  was 
used  for  the  duration  analysis. 

3.2.5  GIS  Data 


The  monthly  contour  maps  of  mean  wind  epeed  and  direction  shown  in 
Subsection  3.2.1,  storm  and  gale  force  wind  frequency  shown  in  Subsection  3.2.3, 
and  storm  duration  shown  in  Subsection  3-2.4  are  included  in  the  GIS  database. 


Figure  3  3:  Monthly  mean  wind  direction  and  np«-d  maps  for  the  months  of  a) 
January,  b)  March,  and  c)  May.  (FVom  Mortach  rt  ai„  1085) 
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Figure  3.4:  Monthly  man  »ind  direction  and  speed  maps  foe  the  months  of 
July,  b)  September,  and  c)  November.  (From  Mortach  et  al.,  1985) 
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Figure  3.5;  Wind  roee  key.  (FVoin  Mortsch  et  al.,  1985) 


ocroscx 


MOVfMC* 


occrutt* 


Figure  3.6:  Monthly  wind  roses  for  the  Gulf  of  St.  Lawrence  -  Central  area. 
(After  Swail,  1990) 
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Fifcure  3.7:  Monthly  wind  nmrm  for  the  S^otinn  Slulf  -  S&ble  rvrti.  (After  Swail. 
1990) 
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Figure  3.9:  Storm  force  and  gale  force  wind  frequency  maps  for  each  mid 
seasonal  month:  February,  May,  August  and  November  (FYom  Mortsch  et  al. 
19S5). 


3.3  Flying  Weather 


Weather  condition*  affecting  low  level  flying  (cloud  ceiling  and  viability) 
have  been  summarized  and  categorized  into  three  types  commonly  used  in  ari- 


F light  Rule  Category _ Minimum  Weather  Requirements 

VuiktUtf  Ceding 

Visual  Flight  Rule  (VFR):  >  2.5  mi  AND  >  1000  ft. 

Instrument  Flight  Rule(lFR):  >  0.8  mi  AND  >  300  ft. 

AND  <  2.5  mi  OR  <  1000  ft 

below  IFR:  <  0.8  mi  OR  <  300  ft 


3.3.1  Flying  Weather  Statistics 

A  graphical  summary  of  flying  weather  conditions  for  central  locations  in 
each  of  the  three  main  subareas  has  been  included  in  Figure  3.12 

3.3.2  Flying  Weather  Maps 

The  contour  maps  (at  selected  months  shown  in  Figure*  3.13  and  3.14 
depict  the  percent  frequency  of  below  IFR  conditions  and  the  percent  frequency 
of  IFR  conditions.  It  foUowc  that  the  percent  frequency  of  VFR  conditions  can 
be  derived  from  these  two  contour  lines  by  using  the  formula; 

VFR  conditions  »  100%  -((%  freq.  <  IFR  +  %  freq.  IFR  )) 

3.3.3  GIS  Data 

Monthly  contour  mops  of  flying  weather  conditions  ss  described  in  Subsec¬ 
tion  3.3.2  have  been  included  in  the  GIS. 
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Figure  3.13:  Contour  map  of  flying  weather  condition*  for  January,  March  and 
May.  (From  Mortach  et  al.,  1983) 
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3.4  Visibility 

3.4.1  Visibility  Statistics 

Statistics  on  viability  conditions  for  the  Sable  region  on  the  Scotian  Shelf, 
for  the  Gulf- Magdalen  region,  and  for  the  Northern  Grand  Banks  are  summa¬ 
rised  in  Figure  3.15.  Visibility  ranges  are  regrouped  into  five  categories  outlined 
as  fallows: 

Category  1  <  0.5  nrai 

Category  2  >  0.5  uni  to  <  1.1  nmi 

Category  3  >  1.1  nmi  to  <  2.2  nmi 

Category  4  >  2.2  nmi  to  <  5.4  nmi 

Category  5  >  5.4  nmi 

3.4.2  Shipping  Visibility  Contour  Maps 

The  contour  maps  in  Figures  3.16  and  3.17  show  the  percent  frequency  of 
visibility  less  than  0.5  nautical  mile,  and  the  percent  frequency  of  occurrence 
of  visibility  greater  than  Z2  nautical  miles  combined  with  wind  speed  less  than 
25  knots,  which  is  defined  as  "good  shipping"  conditions  (Mortsch  et  aL,  1985]. 

3.4.3  GIS  Data 

The  monthly  contour  maps  of  shipping  visibility  conditions  (as  shown  in 
Subsection  3.4.2)  have  been  included  in  the  GIS  database. 
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Figure  3.15:  Visibility  statistics  for  a)  Sable  Island  region,  b)  Gulf- Magdalen 
Island  region,  and  c)  Northern  Grand  Banka  region.  (FYom  Morfsch  et  al., 
1985) 


Figure  3.18:  Contour  map  of  shipping  weather  conditions  for  January,  March 
and  May.  (FVom  Mortsch  <t  aL,  1385) 
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Figure  3.17:  Ccuiour  map  of  shipping  weather  conditions  for  July,  September 
and  November.  (From  Mortsch  e*  *J  ,  10S5) 


3.5  Air  Temperature 

3.5.1  Air  Temperature  Statistics 


Statistics  on  the  air  temperature  for  the  Sable  region,  the  Gulf-  Magdalen 
region  and  the  Northern  Grand  Banka  region  are  given  in  Figure  3.18. 

3.5.2  Air  Temperature  Contour  Maps 

The  mean  air  temperature  and  the  standard  deviation  in  degrees  Celsius 
are  presented  for  the  four  mid- seasonal  months  in  Figure  3.19. 

3.5.3  GIS  Data 

Monthly  contour  maps  of  mean  air  temperature  and  its  standard  deviation 
as  shown  in  Figure  3.19  have  been  included  in  the  GIS. 
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Figure  3.18:  Air  temperature  statistics  for  a)  Sable  Island  region,  b)  G 
Magdalen  Island  region,  and  c)  Northern  Grand  Banks  region.  (From  Mori 
et  al.,  1985) 


3.6  Precipitation 

3.6.1  Precipitation  Statistics 

Precipitation  statistics  for  the  Sable  Island  region,  the  Gulf- Magdalen  re¬ 
gion  and  the  Northern  Grand  Banks  region  are  shown  in  Figure  3.20.  The 
total  percent  frequency  of  precipitation  is  broken  down  into  four  categories: 
light  rain,  heavy  rain,  light  snow,  and  heavy  snow. 

3.6.2  Precipitation  Contour  Maps 

The  percent  frequency  of  precipitation  reported  and  the  percent  frequency 
of  snow  reported  are  presented  for  the  four  mid-seasonal  months  in  Figure  3.21. 
The  percent  frequency  of  precipitation  combines  the  observations  of  all  forms  of 
precipitation.  Furthermore,  a  third  contour  that  delineates  the  furthest  extent 
of  snow  in  each  of  the  selected  months  is  included. 

3.6.3  GIS  Data 

Monthly  contour  maps  showing  the  percent  frequency  of  precipitation  and 
percent  frequency  of  snow  as  presented  in  Sul>eection  3.t5.2  have  been  included 
in  the  GIS. 
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3.7  Sea  Ice 
3.7.1  Ice  Climatology 
Ice  Cover 


Gulf  of  St.  Lawrence.  Initial  ice  formation  occur*  in  December  in  the  St. 
Lawrence  River  due  to  the  low  salinity  of  the  water,  and  on  the  coastal  shallows 
of  New  Brunswick.  It  then  usually  forms  along  the  North  Shore  and  in  the  Strait 
of  Belle  Isle.  The  growth  and  spread  of  ice  then  proceeds  across  the  Gulf  of  St. 
Lawrence  during  January  and  February,  progressing  southward  and  eastward  to 
gradually  occupy  the  westers  half  of  the  gulf  from  the  north  tip  of  Cape  Breton 
Island  to  the  southeastern  end  of  Anticosti  Island,  and  from  this  point  to  the 
west  coast  of  Newfoundland  near  Daniels  Harbour.  The  ice  cover  continues  to 
grow  through  February  and  the  beginning  of  March  until  it  occupies  the  entire 
gulf.  The  break-up  tends  to  begin  in  the  middle  of  March  in  the  eastern  part 
of  the  gulf  (leeward  areas)  and  in  thinner  ice  areas.  It  proceeds  southward 
and  southeastward  until  the  last  sea  ice  area  is  the  southern  portion  between 
Prince  Edward  Island  and  Cape  Breton  Island  has  melted,  usually  in  the  middle 
of  May  [AES,  19851- 

This  pattern  can  vary  greatly.  There  have  been  mild  winters  with  very  little 
ice  when  shipping  routes  were  open  through  the  winter  while  on  the  other  hand, 
the  gulf  can  be  totally  covered  by  the  end  of  January  and  ice  can  persist  in  some 
areas  until  the  middle  of  June. 

Grand  Banks  and  Fast  Newfoundland  Waters.  Sea  ice  usually  begins  to 
form  along  the  coast  of  southern  Labrador  and  into  the  Strait  of  Belle  Isle  at 
the  end  of  December.  It  then  continues  to  spread  southward  and  reaches  Notre- 
Dame  Bay  at  the  end  of  January  and  Cape  Bonavista  by  the  end  of  February. 
It  also  expands  seaward  to  a  distance  of  approximately  300  km.  The  ice  cover 
extends  to  near  48*N  50* W  by  March.  The  retreat  of  ice  is  slow,  snd  reaches 
the  north  end  of  the  Strait  of  Belle  Isle  by  the  end  of  May  [AES,  1989]. 
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The  variations  in  this  pattern  can  be  v  -ry  large.  There  are  records  of  the 
presence  of  ice  extending  to  the  Avalon  Peninsula  by  the  end  of  January  and 
extending  south  to  45*N  by  the  end  of  March,  thus  covering  the  whole  northern 
half  of  the  Grand  Banks.  During  mild  winters,  very  little  ice  can  be  found  south 
of  Notre-Dame  Bay  and  the  Strait  of  Belle  Isle  may  be  open  most  of  the  winter. 

Type  of  Ice  Cover 

In  the  Gulf  of  3t.  Lawrence,  with  the  exception  of  some  small  areas  near 
shore,  th~  ice  dees  not  form  a  continuous  sheet,  but  ice  floes  will  aggregate  and 
form  a  sheet  of  close  pack  ice.  This  ice  usually  grows  to  a  thickness  of  45  to  60 
cm.  Where  ridging  occurs,  the  thickness  may  reach  more  than  one  metre  [AES, 
1984). 

The  pack  ice  of  the  East  Newfoundland  area  is  characterized  by  the  presence 
of  10  to  20%  of  multi-year  ice  which  originates  in  the  Arctic  and  is  earned  south 
by  the  Labrador  Current.  The  thickness  of  the  ice  grows  to  between  90  to  120 
cm  thick.  Ridging  seldom  occurs  except  along  the  coastline,  but  when  it  does 
occur  in  the  offshore  pack,  it  may  increase  the  thickness  to  two  metres  [AES, 
1984). 

3.7.2  Ice  Cover  Maps 

The  maps  in  Figures  3.22  and  3-23  show  the  maximum  ice  limit  to  which 
sea  ice  has  been  reported  at  least  ouce  at  the  time  of  the  year  indicated  dunng 
the  databaae  period  of  25  years.  The  minimum  ice  limit  indicates  where  sea  ice 
has  always  been  observed  for  the  date  of  the  chart.  The  median  ice  Limit  is  also 
presented  for  the  25  year  observation  period. 
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Figure  3.24:  Percent  exceedance  at  a)  iceberg  draft  and  b)  iceberg  masa  on  the 
northern  Grand  Banks.  (  From  Mobil  Oil,  1984) 

3.8  Icebergs 

3.8.1  Iceberg  Number  Statistics 

Ihble  3.1  shows  the  estimated  number  o t  icebergs  reported  south  of  48*N 
on  a  monthly  basis  by  the  International  Ice  Patrol.  Data  from  1979-80  to  1985- 
86  are  included.  Additional  estimates  from  selected  seasons  from  as  far  back 
as  1945-46  are  included  to  show  the  range  of  variability  that  can  be  observed. 
Finally,  the  monthly  average  of  the  estimates  from  1945-46  to  1985-86  has  been 
computed. 

3.8.2  Iceberg  Size  Statistics 

Figure  3.24  shows  some  statistics  uo  iceberg  hum  and  iceberg  draft. 
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3.9  Icing 

3.9.1  Freezing  Spray  Statistics 

Tbe  potential  far  the  accumulation  of  ice  due  to  frwaang  spray  is  calcu¬ 
lated  from  tbe  observed  conditions  o 4  sea  surface  temperature,  air  temperature, 
wind  speed,  wave  height  and  salinity.  An  empirical  relationship  involving  these 
factors  is  used  to  determine  a  rate  of  ice  accumulation.  The  actual  freezing 
spray  ice  accretion  on  a  vessel  however  varies  considerably  depending  upon  fac¬ 
tors  such  as  the  vessel  structure,  its  course  or  orientation  to  the  wind  and  its 
speed.  The  potential  freezing  spray  ice  accretion  rates  are  reported  in  five  broad 
categories: 

Category _ Accretion  Rats _ 

do  icing  <0.5  mm/hr 

fight  >  0.5  mm/hr  to  <  1.25  mm/hr 

moderate  >  1.25  mm/hr  to  <  2.5  mm/hr 
heavy  >  2.5  mm /hr  to  <  6.25  mm /hr 

severe _ >  6.25  naxu/hr 

Detailed  statistics  on  all  ice  accretion  classes  for  the  Sable  Island  region, 
the  Gulf- Magdalen  region  ami  the  Northern  Grand  Banks  region  are  included 
in  Figure  3.25. 

3.9.2  Ice  Accretion  Maps 

Tbe  in  Figures  3.26  and  3.27  show  contours  of  tbe  percent  frequency 
of  moderate  or  greater  (>  1.25  mm/hr)  ioe  accretion  potential.  In  addition, 
percent  frequency  of  moderate  to  heavy  freezing  rain  was  contoured. 

3.9.3  GIS  Data 

Monthly  contour  maps  of  ice  accretion  potential  and  frequency  of  moderate 
to  heavy  freezing  rain  as  described  in  Subsection  3.9.2  have  been  included  in 
the  GIS. 
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Chapter  4 
Oceanography 


4.1  Waves 

4.1.1  Wave  Climatology  by  Region 

Gulf  of  St  Lawrence:  Although  the  gulf  ia  relatively  easy  to  access,  the 
data  ace  still  insufficient  to  obtain  a  complete  picture  of  its  wave  climatology. 
It  however  appears  that  waves  are  las  severe  than  in  the  other  more  exposed 
areas  such  as  the  Grand  Banks.  Special  problems  lot  wave  prediction  in  the 
gulf  include  shallow  water  effects,  currents,  and  ice  [Ouellct  and  Llamas.  1979]. 

Scot  isn  S'lelf  Long  waves  propagating  over  this  shallow  region  experience 
shoalirg.  The  modification  of  the  waves  aril]  be  particularly  significant  in 
nearshore  regions  where  the  decreasing  depth  affects  almost  the  entire  ocean 
wave  spectrum.  Sheltering  due  to  Sable  Island,  and  possibly  wave-current  in¬ 
teractions  will  also  impact  on  wave  characteristics.  Finally,  wave  refraction, 
which  causa  the  energy  to  converge  in  some  areas  resulting  in  increased  wave 
height,  is  also  possible  on  the  Scotian  Shelf  [N'eu,  1976). 

Grand  Banka  The  highest  tea  states  are  generated  in  winter  during  north¬ 
westerly  outbreaks  of  cold  air.  The  lower  levels  of  the  atmosphere  become 
very  unstable  with  their  passage  over  open  water  and  this  causes  strong  surface 
winds.  In  these  situations  the  wave  field  is  fetch  limited  by  the  shore  or  ice 
edge,  and  hence  builds  to  the  southwest  [Neu,  197G]. 


Figure  4.1:  Wave  refraction  over  the  Grand  Banka  of  Newfoundland,  t  From 
Neil,  1970) 

Since  the  Grand  Banka  an-  relatively  shallow,  long  period  swell  that  fre¬ 
quently  propagate*  onto  the  Bank*  from  the  south  has  wavelengths  long  'Dough 
to  experience  bottom  refractive  effect*  that  tend  to  concentrate  the  energy  and 
increase  the  wave  heights  in  some  locations  as  shown  in  Figure  4  1  'Neii  107G| 

4.1.2  Wave  Rost's 

Monthly  wave  roues  representing  the  directional  freq-imry  of  1  m  wave 
height  classes  are  included  for  selected  subareas  m  Figure  4.2-  These  axe  taken 
as  fairly  representative  of  each  of  the  three  mam  areas  the  Gulf  of  St  Lawrence 
(Fig.  4  3),  the  Scotian  Shelf  (Fig  I  -5)  and  the  Grand  Banks  (Fig  4  Gi 
A  key  to  the  wave  rose  interpretation  is  givrn  iu  Figure  4  2 

4.1.3  Wave  Period  Statistics 

A  graphical  summary  of  the  percent  frequency  of  the  combined  wave  period 
has  l>een  included  in  Figures  J  bio  4d.  Il.e  ■  nuibmrd  wave  pern  ■«!  is  the  period 
of  the  higher  of  wave  of  swell  height.  If  they  are  the  same  height,  the  longer 
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Frequency  of  SIgnificont  Wove  Height 
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Figure  4.2:  a)  Wave  nee  source  subtree*,  b)  Wave  rose  key. 

period  baa  been  chosen.  Therefore,  although  they  provide  useful  complementary 
information  to  the  wave  roses  regarding  the  shape  of  the  dominant  waves,  they 
can  be  misleading  as  far  as  giving  a  representation  of  the  sea  surface  roughness. 

4.1.4  Combined  Wave  Height  and  Frequency  Contour 

Maps 

Combined  wave  height  is  a  representation  of  the  sea  surface  motion  that 
includes  the  interaction  of  the  swell  which  are  waves  generated  by  a  storm  or 
winds  at  a  large  distance  from  the  observation  point,  and  the  wave  generated 
at  the  site  due  to  the  local  winds. 

The  combined  wave  height  {He)  is  calculated  using  the  formula: 

where  S.  is  the  sea  wave  height  and  //_  is  the  swell  height  (Mortsch  et  al., 
1985].  These  values  are  usually  estimated  visually  from  a  ship. 

The  monthly  charts  in  Figures  4.9  to  4.12  show  contours  of  the  percent 
frequency  of  occurrence  of  combined  wave  height  less  than  or  equal  to  2  me- 
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Fignri*  4.3:  Monthly  w»vr  rows  •  Gulf  of  St.  Lawrence  ( From  Sw.-ui,  1'JJl) 
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MONTHLY  WAVE  STATISTICS 

CAST  COAST  AftCA  •  -  SASIC 

FRCOUCNCY  OF  SIGNIFICANT  WAVC  HCICHT  BY  DIRECTION  (FROM) 


Figure  4.4:  Monthly  wave  roee«  -  Scotian  Shelf.  (FYom  Sw&il,  1991) 
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MONTHLY  WAVE  STATISTICS 
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Fillip*  4.5:  Monthly  wave  ro^rs  -  Griui‘1  Banks.  (Fiom  Swail.  lODil 
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tres  (relatively  calm  sea)  and  of  the  percent  frequency  of  occurrence  of  •severe 
condi tic  13  (combined  wave  height  greater  than  or  equal  to  6  metres) 

4.1.5  GIS  Data 

Monthly  contour  charts  of  combined  wave  height  such  as  those  dehr.ed  in 
Subjection  4.1.4  have  been  included  in  the  GIS  database. 
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Figure  4.9:  Combined  wave  height  frequency  -  Winter. (  Solid  line  contours  indi¬ 
cate  percent  frequency  <  2  m.  Daahed  line  contours  indicate  percent  frequency 
>  6  m.  (After  Mortsch  et  al.,  1985) 


Figure  4.12:  Combined  wave  height  frequency  -  Fall.  (Solid  line  contour*  indi¬ 
cate  percent  frequency  <2o.  Daahed  line  contours  indicate  percent  frequency 
>  6  m.  (After  Mortsch  et  al.,  15S5) 


4.2  Currents  Description 

4.2.1  Mean  Surface  Currents 

Figure  4.13  shows  the  main  features  of  the  surface  circulation  in  toe  area  of 
interest.  Seasonal  variations  in  the  main  flow  are  well  documented  for  the  Gulf 
of  St.  Lawrence  only  (Figure  4.14).  Further  descriptive  comments  on  the  main 
currents  ace  included  in  the  following  subsections. 

fi.rlf  .ol  St>  Lawrence 

The  Gulf  of  St.  Lawrence  has  been  subject  to  numerous  surveys,  but 
direct  current  measurements  still  exist  ouly  for  a  small  proportion  of  its  surface 
[El-Sabh,  1976].  In  addition,  most  of  these  surveys  were  conducted  during  the 
ice-free  months;  as  a  result,  a  complete  picture  of  surface  circulation  in  the  Gulf 
of  Si.  Lawrence  is  not  available  from  observations.  The  surface  circulation  has 
therefore  been  deduced  using  the  geostrophic  method  and  a  network  of  averaged 
stations  for  different  periods  of  the  year.  The  circulation  pattern  thus  obtained 
agrees  with  the  results  of  synoptic  observations  (El-Sabh,  1976]. 

-  St.  Lawrence  Estuary:  The  main  feature  of  the  surface  circulation  in 
the  estuary  is  the  presence  of  a  strong  outflow  of  surface  water  confined  to  the 
upper  23-50  m  along  both  shores,  although  the  south  shore  outflow  is  much 
stronger  in  most  places  (50-70  cm  versus  30-50  cm  s”1  in  summer).  The  St. 
Lawrence  Estuary  is  also  characterized  by  the  existence  of  strong  transverse 
currents.  Their  most  obvious  manifestation  is  the  "Rimouslri  eddy”  (Figure 
4.15,  a  clockwise  gyre  located  between  Rimouslri  and  Pointe-des- Monts,  and  a 
northerly  transverse  current  in  the  He  du  Bic  region  (El-Sabh,  1979]. 

The  variability  of  these  currents  is  high  since  they  are  related  to  the  volume 
of  outflowing  freshwater  which  is  at  a  maximum  in  May  and  a  minimum  in 
winter  (El-Sabh,  1979].  There  is  also  a  relationship  with  the  lunar  cycle.  The 
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Figure  4.15:  Mean  surface  circulation  in  the  lower  St.  Lawrence  Estuary.  (FVom 
El-Sabh,  1979) 

Gaspe  Current  reaches  its  maximum  velocity  three  or  four  days  before  the 
moon’s  quarters  when  the  estuary  is  emptying  [Koutitonsky,  1979]. 

-  Gaspd  Current:  The  outflow  of  fresh  water  from  the  St.  Lawrence  River 
has  a  strong  influence  on  the  circulation  in  the  gulf.  Its  most  striking  feature  is 
the  Gaspe  Current  which  flows  along  the  Gaspe  Peninsula  from  the  Rimouski- 
Pointe-dea-Monta  area  to  Cape  Gaspe.  This  current  is  subject  to  wide  seasonal 
variation  in  strength  corresponding  to  the  variations  of  the  volume  of  freshwater 
outflow.  The  maximum  velocities  (greater  than  75  cm  s'1)  therefore  occur  in 
May  .  In  summer,  the  velocity  decreases  from  66  cm  s”1  in  July  to  30  cm  s'*  in 
August.  During  the  fall,  it  reaches  bpeeds  of  38  cm  s' 1  and  its  lcwest  values  (5 
to  10  cm  s'1)  are  observed  in  the  winter.  Most  of  the  year,  the  Gaspe  Current 
is  also  coupled  with  an  inflow  on  the  Anticosti  Island  side.  On  average,  it  has 
a  width  of  15  km,  a  thickness  of  30  m  and  its  direction  is  relatively  constant 
(Tang,  1980].  It  is  a  relatively  stable  current  geographically  speaking,  however 
its  magnitude  is  subject  to  large  seasonal  variations  (the  current  may  actually 
vanish  on  occasion  [Fbrquharson,  1966]). 
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•  Magdalen  Shallows;  As  it  enters  into  the  gulf,  the  Gsspe  Current  spreads 
out  is  a  general  southeasterly  direction,  with  velocities  decreasing  to  between 
1  and  5  cm  s-1.  Between  the  Magdalen  Islands,  Prince  Edward  Island,  and  the 
western  part  of  Cape  Breton  Island  there  is  an  eastward  flow  towards  Cabot 
Strait. 

•  Cabot  Strait  Circulation:  The  surface  flerv  out  of  the  gulf  has  its  maxi¬ 
mum  strength  on  the  Cape  Breton  side  of  the  strait  and  forms  the  Cape  Breton 
Current.  Its  velocity  is  on  the  order  of  20  cm  i~l  on  average,  with  a  maximum 
of  30  cm  a*1  in  August  and  in  the  winter,  and  a  minimum  of  less  than  15  cm 
s’1  in  July  (El-Sabh,  1976].  On  the  Newfoundland  side  of  the  strait,  there  is 
a  weak  flow  into  the  gulf  from  the  Atlantic  Ocean.  This  inflow  divides  into 
two  branches:  the  first  moves  northeastward  along  the  coast  of  Newfoundland, 
the  second  turns  west  shortly  after  entering  the  gulf  sad  joins  the  Cape  Bre¬ 
ton  Current.  This  pattern  is  modified  in  winter  when  the  circulation  becomes 
outward  on  both  sides  of  the  strait  with  an  inflow  in  the  middle  of  the  strait 
which  then  turns  west,  probably  under  the  influence  of  the  prevailing  northwest 
winds  and  drifting  ice,  and  eventually  rejoins  the  outflowing  current  on  both 
sides  (El-Sabh  and  Johannessen,  1972). 

•  Eastern  Gulf  Circulation:  The  water  entering  through  Cabot  Strait  tends 
to  follow  the  west  coast  of  Newfoundland  with  same  of  it  continuing  towards 
the  Strait  cl  Belle  Isle  and  the  remainder  flowing  north.  Southwest  of  Anticosti 
Island  the  circulation  is  characterised  by  a  large  permanent  anticlockwise  eddy 
during  the  ice-free  mouths  of  the  year.  This  eddy  is  highly  variable  in  dimension 
and  position.  Furthermore,  in  winter,  it  is  replaced  by  a  smaller  clockwise  gyre 
[El-Sabh,  1976]. 

-  Strait  of  Belle  Isle  Circulation:  The  Strait  of  Belle  Isle  circulation  is 
highly  variable  since  its  most  probable  driving  mechanism  is  the  sea  level  dif- 
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ferenee  between  the  opposing  ends  of  the  strait  produced  by  Large-scale  meteo¬ 
rological  forcing  [Garrett  and  Petrie,  1981).  Garrett  and  Petrie  also  noted  that 
both  inflow  and  outflow  are  stronger  on  the  south  side  of  the  strait.  Finally, 
there  is  evidence  for  substantial  inflows  into  the  gulf  through  the  strait  during 
winter. 

-  North  Shore  circulation:  Labrador  water  entering  through  the  Strait 
of  Belle  Isle  and  the  northwest  flow  in  the  Esquimau  Channel  join  and  are 
deflected  to  form  a  westward  drift  that  flows  along  the  north  shore  beyond 
Anticosti  Island  during  the  ice- free  months  of  the  year.  In  winter,  this  Sow 
tends  to  reverse,  and  form  an  eastward  drift. 

-  Anticosti  Eddy:  Along  the  north  shore  of  the  gulf,  between  Anticosti 
Island  and  the  St.  Lawrence  Estuary,  the  surface  water  sets  westward  then 
swings  across  the  estuary  towards  the  south  shore  where  it  reinforces  the  Gaspe 
Current,  which  in  turn  sheds  a  branch  that  closes  the  loop.  This  anticlockwise 
eddy  is  a  permanent  feature  of  the  gulf  circulation  [El-Sabh,  1976]. 

Scotian  Shelf 

•  Nova  Scotia  Current:  Winter  time  circulation  over  the  Scotian  Shelf  con¬ 
sists  of  southwest  ward  flow  along  the  coast  and  a  northeastward  flow  on  the 
outer  portion  of  the  shelf.  The  coastal  current  is  called  the  Nova  Scotian  Cur¬ 
rent  and  it  carries  the  Gulf  of  St.  Lawrence  water  from  Cabot  Strait  along  the 
shore  of  Nova  Scotia.  It  is  bounded  on  its  offshore  side  by  the  Scotian  Front, 
which  is  the  surface  expression  of  the  transition  from  the  Nova  Scotia  Current 
water  to  the  mixed  water  offshore  [Anderson  and  Smith,  1989].  The  mean  sur¬ 
face  speed  of  this  current  is  estimated  to  be  9  cm  s'1  [Sutcliffe  et  al.,  1976). 
Near  surface  current  up  to  29  cm  s-t  can  be  found  in  the  core  of  the  current 
usually  located  at  approximately  45  km  off  the  coast. 

Some  of  the  flow  occurs  across  the  shelf,  in  a  general  southerly  direction. 
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particularly  over  the  troughs  between  the  LaHave  Bank,  Emerald  Bank  and 
Brown*  Bank  [Gregory  and  Smith,  1988].  The  current  tends  to  be  strongest  in 
winter  (10-30  cm  a"1),  while  during  the  fall  it  is  approximately  10  cm  s~l. 

•  Southwest  Nova  Scotia  Circulation:  The  features  of  interest  for  the 
southwest  Nova  Scctia  circulation  are  the  presence  of  a  westward  longshore 
coastal  current  (4-10  cm  s'1)  and  an  anticy clonic  gyre  around  Browns  Bank 
(5-15  cm  s'1) 

Grand  Banlti 

Over  the  banks  themselves  the  currents  axe  generally  weak  and  highly 
variable,  while  the  circulation  around  the  banks  is  an  important  current,  the 
Labrador  Current  (Figure  4.18).  The  Labrador  Current  contains  relatively 
add  and  low  salinity  water  compared  to  the  surrounding  waters  and  flows  south 
along  the  Labrador  Coast  and  the  east  coast  of  Newfoundland,  roughly  following 
the  200  m  isobath.  Velocities  between  20  to  60  cm  s“‘  are  recorded  on  that 
portion  of  the  current  [Lazier,  1982}.  Along  the  way,  some  exchange  occurs 
between  the  Labrador  Current  and  the  Gulf  of  St.  Lawrence  through  the  Strait 
of  Belle  Isle  [Garrett  and  Petrie,  1981].  As  the  seafloor  rises  onto  the  banks  area, 
the  flow  is  steered  into  the  two  deeper  channels,  the  Avalon  Channel  and  the 
Flemish  Pass,  thus  forming  two  branches  of  the  current.  Data  are  toe  limited 
to  determine  seasonal  variations  in  the  current  pattern.  Note  that  wind-driven 
currents  can  be  significant  in  this  area.  They  naturally  tend  to  be  strongest 
near  the  ocean  surface  and  diminish  with  depth.  These  currents  axe  subject 
to  inertial  motion,  which  has  a  period  of  approximately  16.5  hours  at  these 
latitudes.  Although  the  winds  are  stronger  in  winter,  wind-driven  currents  and 
inertial  currents  tend  to  be  stronger  in  summer  due  to  the  wale.-  stratification 
which  results  in  a  thin  mixed  layer  (~  30  m).  For  example,  ma.rimum  nea r 
surface  current  velocities  at  Hibernia  range  from  60  to  80  cm  s"1  during  late 
summer  and  early  autumn  and  from  45  to  60  cm  s-1  in  winter  [Mobil  Oil,  1984]. 
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Fiyire  4.16:  Mean  current  vectors  and  maximum  daily  currents  observed  in 
each  1*  x  1*  square  in  the  Grand  Banks  area.  An  open  (solid)  arrow  bead 
signifies  a  current  between  0  and  0.05  m  s-1  (0.05  and  1.10  m  s"1).  (Prom 
Petrie  and  Wcxnell,  1988.) 


-  Labrador  Current  (Inshore):  The  west  branch  of  the  Labrador  Current, 
the  lew  intense  of  the  two  (Petrie  and  Anderson  [1983]  estimate  that  it  contains 
10%  of  the  transport),  hows  south  through  Avalon  Channel.  It  is  probable  that 
most  of  the  flow  is  then  diverted  offshore  where  it  joins  the  eastward  slope 
current.  The  remainder  (about  20%),  turns  westwards  towards  Cabot  Strait 
[Petrie  and  Anderson,  1983).  The  flow  then  tends  to  move  into  the  Gulf  rf  St. 
Lawrence  and  northeast  along  the  west  coast  of  Newfoundland.  In  the  area 
of  St.  Pierre,  Green  and  Whale  Banks,  there  is  evidence  of  an  onshore  flow 
northward.  Current  speeds  in  that  section  range  between  10  to  20  cm  s'1. 

•  Labrador  Current  (Offshore):  The  east  branch  of  the  Labrador  Current 
flows  along  the  northern  slope  of  the  Grand  Banks  before  turning  south  through 
Flemish  Pass.  In  the  Pass,  the  Labrador  Current  follows  the  200  m  isobath  and 
flows  from  north  of  the  Banks  to  the  Tail  of  the  Banks  with  an  average  speed 
of  about  30  cm  s'1  [Petrie  and  Isenor,  1983].  A  portion  of  the  current  is  then 
directed  eastward  and  joins  the  North  Atlantic  Current;  another  portion  flows 
around  the  Tail  of  the  Bank  and  sinks  under  the  slope  water.  The  current  is 
estimated  to  be  about  50  km  wide  with  excursions  normal  to  the  200- m  isobath 
of  at  least  60  km  [Petne  and  Isenor,  1983). 

•  Grand  Banks  Circulation:  The  currents  over  the  banks  themselves  are 
weak  and  variable;  velocities  are  generally  leas  than  10  cm  s'1  [Petrie  and  Isenor, 
1985].  There  is  also  indication  of  the  presence  of  s  weak  anticy clonic  gyre  in 
the  southeastern  part  [Petrie  and  Anderson,  1983]. 

•  Flemish  Cap:  Over  the  Flemish  Cap,  the  flow  forms  a  clockwise  gyre. 

4.2.2  Deep  Currents 

Some  of  the  features  of  the  circulation  at  depth  that  may  impact  on  ASW 
operations  are  described  in  this  section. 
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With  the  exception  of  the  Gasp i  Current,  the  Strait  of  Belie  Isle  Current 
and  the  Cabot  Strait  Current,  the  flow  at  depth  between  30  and  100  m  is  weak 
and  variable  over  moat  of  the  gulf.  Below  100  m,  there  is  no  indication  of 
currents  that  could  be  significant  for  ASW  operations.  Areas  of  upwelling  exist 
along  the  north  shore,  the  St.  Lawrence  estuary,  the  New  Brunswick  shore  and 
possibly,  southwest  at  the  Magdalen  Islands  (Sutcliffe  et  al,  1976]. 

-  St.  Lawrence  Estuary:  The  outflow  of  surface  water  is  mostly  confined  to 
the  upper  25-50  m  alocg  the  south  shore.  An  upstream  current  lies  immediately 
below  the  seaward  current,  with  itr.  core  at  100  m  depth.  Information  is  rather 
sparse  on  deep  circulation. 

•  Gaspd  Currant:  Current  meters  have  recorded  velocities  of  up  to  25  cm 
i*1  at  depths  between  30  and  100  m  (Gregory  et  al.,  1989]. 

•  Strait  of  Belle  Isle:  The  deep  flow  follows  the  same  pattern  as  the  surface 
Sow  and  is  driven  mostly  by  sea  level  differences  resulting  from  meteorological 
forcing.  The  bottom  currents  are  constant  across  the  strait,  but  are  significantly 
weaker  and  leas  variable  than  the  surface  currents  [Garrett  and  Petrie,  1981]. 
Currents  meter  records  indicate  a  flow  predominantly  into  the  gulf  at  depths 
greater  than  35  m  (Petrie  and  Warned,  1988], 

Scotian  Shelf 

The  deep  circulation  over  most  of  the  Scotian  Shelf  is  weak  and  variable. 
There  is  an  upwelling  circulation  off  Cape  Sable  with  a  mean  onshore  current 
of  2  cm  »-*  (Smith,  1983]. 

•  Nova  Scotia  Current:  The  Nova  Scotia  Current  maintains  a  constant 
direction  with  depth  and  can  reach  a  maximum  speed  of  20  cm  s-1.  In  general, 


the  longshore  currents  tend  to  decrease  with  depth,  but  they  have  also  been 
observed  to  be  nearly  uniform  through  the  water  column  [Anderson  and  Smith, 
1988]. 

•  Southwest  circulation:  There  is  a  deep  inflow  of  slope  water  through  the 
Northwest  Channel  which  is  at  a  maximum  in  late  summer.  The  speed  of  this 
inflow  is  about  10  cm  §“*  at  100  m  decreasing  to  about  3  cm  s~*  toward  the 
bottom.  An  outflow  current  has  also  been  recorded  at  depths  of  100  and  150 
m  on  the  southwest  side  of  the  channel  with  magnitudes  of  7  and  2  cm  s'1 
respectively  {Smith,  1983]. 

Grand  Banks 

-  Labrador  Current  (Inshore):  The  Labrador  Current  has  been  measured 
at  up  to  50  cm  s“l  in  the  Flemish  Pass  and  along  the  east  slope  of  the  Grand 
Banka  at  depths  greater  than  50  m  [Petrie  and  Waroell,  1088].  A  current 
parallel  to  the  isobaths  with  speeds  of  46  an  s-1  and  18  cm  s'1  at  110  m  and 
380  m  respectively  is  also  present.  Part  of  this  current  flows  around  the  Tkil 
of  the  Banks,  where  it  sinks  below  50  m,  under  the  eastward  Slope  Current.  It 
then  flows  along  the  slope  and  into  the  Laurentian  Channel  penetrating  into 
the  Gulf  of  St.  Lawrence  at  a  speed  of  15  to  25  cm  s~l  [Petrie  and  Anderson, 
1983}. 

•  Labrador  Current  (Offshore):  Bottom  circulation  inferred  from  sea-bed 
drifter  data  indicates  a  south-southwest  motion  through  Avalon  Channel  and 
to  the  southeast.  Once  through  the  Avalon  Channel,  the  flow  is  either  along 
the  coast  reaching  into  fortune  Bay  or  through  Haddock  Channel  and  then 
westward  along  the  shelf  break  [Petrie  and  Anderson,  1983]. 

-  Grand  Banks:  Over  the  broad  expanses  of  the  Grand  Banks,  near-bottom 
currents  tend  to  be  greatly  influenced  by  the  topographic  variation  of  the  shelf. 
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•  >  -jf  Partial  Tide 

Symbol 

Period 
(Solar  hour*) 

nal  Component: 

•  apai  lunar 

M, 

12.42 

:rdpal  solar 

s, 

12.00 

rger  lunar  elliptic 

12.64 

Dismal  component*: 

Lunisolar  diurnal 

Kx 

23.93 

Principal  lunar  dinrnal 

Ox 

25.82 

Table  4.1:  Principal  tidal  harmonic  components  (From  Knausa,  1978). 

The  flow  is  relatively  weak  (2  to  10  cm  •"*)  and  highly  variable,  although 
generally  towards  the  south.  Over  shallow  areas,  currents  show  an  essentially 
consistent  circulation  pattern  with  depth.  Bottom  currents  are  usually  less  than 
4  cm  a”1  [Mobil  Oil,  1984). 

4.2.3  Tidal  Currents 

The  tidal  circulation  can  be  quite  significant.  For  example,  in  the  vicinity  of 
Cape  Sable,  the  Af*  tidal  circulation  is  roughly  five  to  ten  times  larger  than  the 
mean  circulation  [Smith,  1983].  Table  4.1  lists  the  tidal  harmonic  components 
that  have  a  noticeable  effect  on  the  circulation  in  the  study  area.  Figure  4.17 
shows  the  progression  of  the  main  tidal  component  (lunar  semi-diurnal  Mj)  in 
the  study  area.  A  description  of  the  main  circulation  features  associated  with 
the  tidal  forcing  follows. 

Gulf  of  St.  Lawrence 

In  the  Gulf  of  St.  Lawrence,  the  tide  propagates  as  a  Kelvin  wave,  i.e. 
as  a  very  low  frequency  wave  rotating  about  a  nodal  point  (smphi drome)  like 
the  spokes  of  a  wheel.  The  amphidronve  is  a  location  of  zero  rise  sad  fall  with 
cotidal  line*  (points  of  equal  phase  at  any  instant)  radiating  from  it  and  rotating 
in  anti-dockwise  direction  [Pond  and  Pickard,  19bb].  The  tidal  waves  found  in 
the  gulf  are  a  combination  of  the  tidal  waves  found  in  the  adjacent  open  ocean 


.17:  Average  progression  of  the  semi-diurnal  tides  (FYono  Dohler,  1966). 


and  the  waves  induced  by  friction  between  the  tides  and  freshwater  output.  The 
most  important  constituent,  the  semi-diurnal  lunar  (A/,)  dominates  the  other 
semi-diurnal  components  by  a  factor  of  3  to  1  and  the  diurnal  components  by 
factors  of  7  to  1  or  more.  Using  Afj  to  obtain  a  rough  picture  of  the  effect  of 
tides  in  the  gulf,  it  is  noted  that  an  amphidromie  point  is  located  just  west  of 
Magdalen  Island  (Godin,  1979].  The  amplitude  of  the  Mj  component  is  small 
over  the  Magdalen  Shallows  and  increases  radially  east  and  north.  The  largest 
amplitudes  are  found  in  the  St.  Lawrence  Estuary.  Due  to  the  decreasing  croas- 
section,  the  range  of  the  semi-diurnal  tide  progressively  increases  from  2.5  m  at 
Sept-Hea  to  a  value  of  4.0  m  at  Tadoussac  [El-Sabh,  1979].  As  a  result,  surface 
tidal  currents  near  the  mouth  of  the  Saguenay  are  very  strong  with  peak  speeds 
reaching  300  cm  s-1  during  large  tides  [El-Sabh,  IS  70]. 

In  the  estuary,  the  currents  induced  by  A/*  are  mostly  in  the  longitudinal 
aenae,  with  the  exception  of  a  transverse  current  that  reaches  70  cm  s'1  at  the 
mouth  of  the  Saguenay  River.  The  tidal  currents  are  on  the  order  of  100  cm 
s**1  on  the  north  shore  west  of  the  Saquenay,  and  reduce  to  50  cm  s"1  on  the 
south  side.  East  of  the  Sa,^enay  mou'h,  the  longitudinal  tidal  current  is  on 
the  order  of  25  cm  s-1  (El-Sabh  et  aL,  1979]. 

Scotian  Shelf 

Figure  4-18  shows  the  tidal  current  variability  based  on  a  model  simulation. 
The  model  result*  are  in  good  agreement  with  the  observations  made  on  the 
Scotian  Shelf.  The  main  axes  of  the  tidal  ellipse  are  depicted.  It  can  be  seen 
that  strong  tidal  currents  exist  off  southwest  Nova  Scotia  with  a  peak  magnitude 
of  almost  290  cm  s'1  in  the  east-west  direction  off  Cape  Sable  and  gradually 
shifts  to  an  almost  north-south  direction  over  Georges  Bank.  Tidal  currents  of 
about  25  cm  s_l  with  no  dominant  axis  are  found  over  Sable  Island  Bank  and 
Banquereau  (Gregory,  1988]. 
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Figure  4.18:  Tidal  Current  Variability  on  the  Scotian  Shelf  from  a  numerical 
model  simulation  (FYom  Gregory,  1988) 

Grand  Banka 

Petrie  [1982]  has  shown  that  the  tides  are  an  important  part  of  the  circula¬ 
tion  in  the  Grand  Banks  area,  since  they  account  for  51%  of  the  kinetic  energy 
for  periods  longer  than  12  h.  The  principal  constituents,  Mi,  Sj,  JV„  Kx  and 
Oi,  accounted  for  93%  of  the  variance  in  sea-level  elevation.  The  tide  appears 
to  propagate  from  north  to  south.  The  largest  constituent,  Mi  has  amplitudes 
of  about  0-30  m  and  tends  to  increase  at  locations  near  the  shore.  5?  and  Nj 
behave  similarly  but  have  smaller  amplitudes  of  about  0.10  and  0.07  m  respec¬ 
tively  [Petrie  et  al.,1987].  Currents  resulting  from  the  tides  have  been  estimated 
to  have  a  maximum  speed  of  28  cm  s'*1  at  a  depth  of  25  m,  18  cm  s_t  at  50  m 
and  15  cm  s~l  at  80  m  in  the  Hibernia  area  [Mobil  Oil,  1984]. 
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4.3  Sea  Surface  Temperature 

4.3.1  Regional  Description 

The  sea  surface  temperature  regime  of  the  east  coast  of  Canada  is  domi¬ 
nated  by  the  cold  inflow  from  the  Labrador  Current.  The  other  major  factors 
influencing  sea  surface  temperature  are  the  seasonal  variation  of  solar  radiation 
and  the  immense  heat  capacity  of  water.  The  resulting  slow  heating  and  cooling 
are  responsible  for  the  late  occurrence  of  the  summer  rmi-rimum  and  the  winter 
minimum  of  sea  surface  temperature.  The  southern  area  is  also  affected  by  the 
Gulf  Stream  which  flows  along  the  periphery  of  the  Scotian  Shelf  and  Grand 
Banks.  Meanders  in  the  Gulf  Stream  and  the  warm  eddies  that  are  shed,  occa¬ 
sionally  bring  much  wanner  water  onto  the  Scotian  Shelf  and  southern  Grand 
Banks.  The  presence  of  sea  ice  also  has  an  effect  since  the  stirrounding  water 
remains  at  the  freezing  point  of  sea  water  -1.8*C.  When  the  ice  melts,  it  in¬ 
troduces  a  continuous  supply  of  cold  water  which  delays  the  warming  of  the 
waters  until  the  ice  is  gone. 

4.3.2  Data  Products 

Statistics 

Statistics  for  the  sea  surface  temperature  are  shown  in  Figure  4.19.  The 
data  are  from  subareas  representative  of  the  three  main  areas  under  study 

Contour  charts 

Mean  sea  surface  temperature  and  its  standard  deviation  in  degrees  Celsius 
are  displayed  on  the  contour  charts  shown  in  Figures  4.20  and  4.21. 
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JANUARY 


Figure  4.20:  Sea  surface  temperature  for  January,  March  and  May.  Contours 
show  mean  temperature  and  standard  deviation.  (After  Mortsch  ct  al.,  1985) 
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NOVEMBER 


Figure  4.21:  Sea  aurfac*  temperature  for  July,  September  and  November.  Con¬ 
tours  show  mean  temperature  and  standard  deviation.  -'After  Mortach  et  al„ 


4.4  Water  Masses  and  Fronts 

4.4.1  Water  Mass  Distributions 

Water  masses  are  parcels  of  water  that  can  be  recognized  by  characteristic 
values  of  some  of  their  physical  properties,  in  particular  temperature  and  salin¬ 
ity.  Ocean  Feature  Analysis  (OFA)  is  used  here  to  illustrate  the  distribution  of 
these  water  masses  and  their  seasonal  migrations. 

Water  masses  are  labelled  using  the  ICAFS  water  mass  classification.  Under 
this  designation  system,  the  water  masses  found  in  the  area  under  study  are 
the  following:  (from  the  coldest  to  the  warmest) 

•  Labrador  Current  (LC) 

•  Cold  Shelf  (CSH) 

•  Labrador  Sea  (LS) 

•  Shelf  (SH) 

•  Slope  (SL) 

e  Transition  (TRS)  (Between  Labrador  Sea  and  Gulf  Stream  water) 

•  Warn  Eddy  (WE) 

The  water  mass  distribution  identified  by  OFA  reveals  the  following  pattern: 

Gulf  of  St.  Lawrence:  Cold  Shelf  Water  entirely  occupies  the  gulf  most  of 
the  year,  except  at  the  end  of  the  summer  when  it  recedes  gradually  northwards 
as  the  Shelf  Water  moves  in.  A  tongue  of  Labrador  Current  Water  which  enters 
through  the  Strait  of  Belle  Isle  and  extends  into  the  Esquimau  Channel  is  also 
a  common  feature  throughout  the  year. 

In  the  Gulf  of  St.  Lawrence,  there  is  good  evidence  to  suggest  that  increases 
in  temperature  are  associated  with  decreases  in  salinity  and  decreases  in  tem¬ 
perature  with  increases  in  salinity.  This  follows  from  a  correlation  showing  that 
high  runoff  years  are  associated  with  high  temperature  years  and  that  miuimum 
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salinity  on  the  Magdalen  Shallows  varies  inversely  with  the  estimated  April  to 
June  runcff  from  the  St.  Lawrence  watershed. 

The  fresh  water  from  the  St.  Lawrence  moves  seaward  and  mixes  with  sea 
water  to  form  a  lew  salinity  surface  layer  in  the  southwestern  portion  of  the 
Gulf  at  St.  Lawrence,  stretching  from  the  St.  Lawrence  Estuary  to  Cabot 
Strait  {Sutcliffe  et  aL,  1976],  This  layer  eventually  flows  out  through  Cabot 
Strut  and  is  the  major  contributor  to  the  total  outflow.  The  magnitude  of  the 
outflow  is  sufficient  to  replace  most  at  the  volume  of  water  on  the  Continental 
Shelf  between  the  Laurentiaa  Channel  and  Cape  Cod  each  year. 

Scotian  Shelf  The  Scotian  Shelf  is  completely  covered  by  Cold  Shdf  Water 
during  the  winter.  During  spring,  warmer  Shelf  Water  gradually  encroaches 
onto  the  continental  shelf  and  at  times,  tongues  at  Slope  Water  and  Warm 
Eddies  reach  the  edge  of  the  shell  Shelf  Water  eventually  covers  the  entire 
shelf  area  by  the  end  of  the  summer.  During  the  fall,  the  reverse  process  takes 
place.  Cold  Shelf  Water  gradually  extends  from  the  coast  towards  the  shelf 
and  the  Shelf  Water  may  be  reduced  to  a  narrow  band  that  allows  Slope  and 
Warm  Eddy  Waters  to  reach  the  shelf.  Occasionally  (mostly  during  spring 
and  summer)  there  Gulf  Stream  rings  which  impinge  on  the  shelf  edge  cause 
anomalously  warm,  salty  water  to  be  present  at  the  surface  (Anderson  and 
Smith,  1988]. 

Water  properties:  The  water  which  overlies  the  shelf  is  comprised  of  mix¬ 
tures  at  water  of  various  sources: 

•  surface  water  flowing  from  the  Gulf  at  St.  Lawrence  through  the  western 
side  of  Cabot  Strait; 

a  surface  Slope  Water, 

•  intermediate  Slope  Water  (100  -  150  m); 

•  subsurface  water  (100-150  m  )  in  the  Cabot  Strait,  possibly  of  Labrador 
Current  origin; 

•  deeper  slope  water  (200-300  m). 
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Figure  4.22:  Water  properties  across  the  Scotian  Shelf  (May):  a)  location,  b) 
temperature,  c)  salinity  and  d)  density  (After  de  la  Ronde,  1972). 


As  a  rule,  the  proportion  of  Gulf  of  St.  Lawrence  Water  is  higher  near 
the  shore,  and  the  proportion  of  Slope  Water  increases  with  offshore  distance 
(Anderson  and  Smith,  1988]. 

The  coldest,  fresher  water  is  found  adjacent  to  the  coast.  Wanner  water  lies 
below  and  offshore,  but  its  higher  salinity  gives  it  a  greater  density  than  the 
coastal  surface  water.  Thus,  isopycnal  surfaces  generally  shoal  in  the  offshore 
direction  over  the  entire  section  as  seen  in  Figure  4.22,  which  is  dynamically 
consistent  with  a  southwestward,  geostrophic,  surface- intensified  coastal  cur¬ 
rent.  Lower  salinities  are  observed  in  winter  (December)  in  the  inshore  zone  as 
compared  to  the  spring  (April)  conditions  which  reflect  the  recent  passage  of 
low  salinity  water  from  the  fulf. 

The  main  oceanic  features  affecting  the  water  masses  of  the  Scotian  Shelf 
are  the  Nova  Scotia  Current,  the  Crpe  Breton  Current,  and  the  Slope  Water. 
These  are  for  their  part  directly  affected  by  the  Labrador  Current,  the  Gulf 


Stream,  sad  the  freshwater  discharge  from  the  St.  Lawrence  River.  In  addi¬ 
tion,  on-site  meteorological  factors,  such  aa  solar  heating,  wind  patterns,  c'oud 
cover,  precipitation,  and  evaporation  further  modify  these  waters  [Sutcliffe  et 
at.,  1976).  Labrador  Current  Water  is  found  on  Banquereau  occasionally,  but 
there  is  no  evidence  that  it  readies  farther  south. 

Grand  Banks:  Labrador  Current  Water  can  be  found  throughout  the  ye  er¬ 
elong  the  east  coast  of  Newfoundland  and  as  a  tongue  of  water  that  extends 
along  the  east  edge  of  the  Grand  Banks.  The  Flemish  Cap  is  covered  with 
Labrador  Sea  Water  during  the  entire  year.  In  winter,  Labrador  Current  Water 
gradually  covers  most  of  the  Grand  Banks  and  extends  all  the  way  to  the 
Laurentian  Channel.  At  the  end  of  spring,  the  reverse  process  takes  place. 
Cold  Shelf  Water  gradually  moves  north  and  east  until  it  occupies  the  entire 
Grand  Banka  in  the  fall.  Occasionally,  Transition  Water  and  Warm  Eddies 
reach  the  edge  of  the  southeast  portion  of  the  Grand  Banks. 

4.4.2  Front  Location  Chart 

The  main  front  in  the  area  is  associated  with  the  cold  Labrador  Current 
which  is  bounded  to  the  west  by  the  wanner  Shelf  Water  and  to  the  east  by 
the  warm  North  Atlantic  Current.  The  current  itself  is  ~  50  km  wide  [Isenor, 
1988]  and  its  position  can  shift  up  to  60  km,  as  seen  in  Figure  4.23  which  was 
constructed  from  satellite  imagery. 

4.4.3  OFA  Charts 

OFAs  for  each  month  of  1989  are  shown  in  Figures  4.24  to  4.27.  These 
charts  do  not  show  average  conditions,  but  the  overall  pattern  of  the  water  mass 
distribution  and  migration  is  fairly  representative  of  what  can  be  expected  any 
year. 
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Figure  4.25:  Ocean  Feature  Analysis  for  a)  April,  b)  May  and  c)  June.  Contours 
show  boundaries  of  the  water  masses  and  digits  in  squares  indicate  average  sea 
surface  temperature  (FVom  CF  METOC  Centre). 
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Figure  4.27:  Ocean  Feature  Analysis  for  a)  October,  b)  November  c)  December. 
Contours  show  boundaries  of  the  water  masses  and  digits  in  squares  indicate 


average  sea  surface  temperature  (FYom  CF  METOC  Centre). 


105 


4.5  Temperature  and  Salinity  Distributions 


The  area  is  characterized  by  a  surface  layer  which  has  salinities  that  are 
lower  than  the  water  beneath  and  lower  than  the  surface  layer  waters  further 
aLihore.  This  low  salinity  (24  to  32  psu)  varies  between  locations  depending 
upon  the  source  of  fresh  water  present.  The  inputs  of  less  saline  water  tend 
to  vary  seasonally  as  well  as  for  a  given  location.  Salinity  reaches  about  34 
psu  below  200  m  and  is  relatively  constant  throughout  the  area  throughout  the 
year. 

Surface  temperature  fluctuations  are  typical  for  areas  at  this  latitude.  Max¬ 
imum  surface  temperature  occurs  at  the  end  at  the  summer  (September)  and 
minimum  at  the  end  at  the  winter  (March). 

Gulf  of  St.  Lawrence 

In  the  Gulf  of  St.  Lawrence,  the  development  of  a  shallow  warm  layer  is 
observed  in  the  summer  with  the  lowest  average  temperature  occurring  in  the 
estuary  and  the  highest  in  the  Magdalen  Shallows.  ^freshening  of  the  near- 
surface  waters  due  to  the  freshwater  runoff  of  the  St.  Lawrence  River  is  also 
evident,  particularly  during  the  spring  in  the  estuary  where  the  salinity  de¬ 
creases  to  less  than  24  psu  (Figures  4.28  and  4.29).  The  freshening  process 
generally  occurs  later  in  the  seaward  direction.  For  example,  it  occurs  in  late 
August  or  September  in  Cabot  Strait  (Fig  4.30).  The  coldest  surface  water  in 
the  estuary  is  due  to  enhanced  upwelling  and  vertical  mixing  of  cooler,  deeper 
waters  (Petrie,  1990],  At  50  m,  the  temperatures  are  generally  less  than  2*C 
most  of  the  year.  Below  50  m,  the  temperature  rises  to  2  —  3*C  at  150  m  due 
to  the  influence  of  Slope  Water  from  the  Atlantic  Ocean  which  enters  the  gulf 
through  Cabot  Strait.  It  can  be  recognized  by  the  higher  salinities  which  exhibit 
more  "oceanic”  characteristics  (e*  34  psu)  below  150  m.  Salinity  sa  well  as  tem¬ 
perature,  show  small  changes  either  spatially  or  temporally  at  greater  depths. 
The  characteristic  flow  pattern  through  Cabot  Strait  is  also  apparent  from  the 


Figure  4.28:  Mean  surface  salinity  for  the  Gulf  (rf  St.  Lawrence  in  a) February, 
b)  May,  c)  August  and  d)  November  (FVom  Petrie,  1990). 


lower  salinity  of  the  water  above  75  m  on  the  west  aide  (outflow)  compared  to 
the  east  side  (inflow  into  the  gulf).  Similarly  the  circulation  at  the  entrance  of 
the  estuary  is  marked  by  lower  salinity  on  the  south  shore  associated  with  the 
Gaspi  Current  (Figure  4.31). 

Scotian  Shelf 

Traces  of  the  freshwater  outflow  from  the  St.  Lawrence  can  be  observed  in 
the  surface  layer  of  the  Scotian  Shelf  Water  in  the  form  of  a  pulse  of  minimum 
salinity  (~  30.5  psu)  in  the  fall  as  seen  on  Figures  4.33  and  4.34.  The  positive 
salinity  gradient  with  depth  is  therefore  not  as  strong  as  it  is  in  the  gulf  and  it 
occurs  while  the  seasonal  thermodine  is  well  developed.  Therefore  its  effect  on 
the  sound  speed  profile  and  the  propagation  path  is  not  as  significant.  The  low 
salinity  surface  layer  generally  extends  approximately  to  the  2000  m  i nobath  on 
the  slope  where  a  sinuous  front  separates  the  coastal  waters  from  the  warmer 
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Figure  4.29:  Time-depth  distribution  of  the  monthly  mean  temperature  and 
salinity  far  the  St.  Lawrence  Estuary  (From  Petrie,  1990). 
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Figure  4.31:  Monthly  variation  of  the  surface  salinity  and  temperature  in  the 
a)  St.  Lawrence  Estuary  and  b)  Cabct  Strait  (FVom  El-Sabh,  1975). 

and  more  saline  (>  34  psu)  oceanic  water  offshore  (Fig.  4.32). 

The  maximum  temperature  of  the  surface  layer  is  reached  in  late  summer. 
The  highest  temperatures  occur  over  the  slope  area  in  July.  The  high  temper¬ 
atures  gradually  extend  to  the  middle  section  of  the  shelf  (Sable  Island  area) 
and  finally  reach  the  northeast  portion  of  the  shore  by  September.  The  cold 
middle  layer  found  in  the  gulf  is  not  present  on  the  shelf.  In  the  basins,  the 
deep  water  remains  at  approximately  8*C. 

Grand  Banka 

.  The  waters  over  the  Grand  Banks  are  similar  to  those  found  to  the  north  on 
the  Labrador  Shelf  where  these  waters  moetly  originate.  The  salinity  usually 
reaches  a  low  of  ~  31.5  •  32  psu  in  early  fall  coincident  with  a  pulse  of  low 
salinity  water  associated  with  the  spring  runoff  from  Hudson  Bay  which  moves 
gradually  down  the  Labrador  coast  (Figure  4.35).  While  lower  than  in  the  open 
ocean,  the  salinity  over  the  Grand  Banks  areas  is  however  higher'  than  that  on 
the  Scotian  Shelf  and  in  the  gulf.  Salinity  gradually  increases  in  an  offshore 
direction.  Temperatures  range  from  the  freezing  point  in  winter  (-  1.8*  C)  to 
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Figure  4.34:  Time-depth  distribution  of  the  monthly  mean  a)  temperature  and 
b)  salinity  for  the  Banquereau  Bank  (Rom  Drinkwater  and  Trites,  1987). 

high*  of  12*  C  in  summer.  A  seasonal  thermodine  builds  up  in  the  summer 
with  the  strongest  gradients  of  temperature  found  over  the  southern  part  of  the 
Grand  Banks  and  St.  Pierre  Bank. 

The  bottom  water  is  a  higher  salinity  water  which  has  moved  onto  the  shelf 
from  offshore.  It  has  an  average  salinity  of  about  33  peu  and  temperatures 
around  3*  C  with  the  occasional  intrusion  of  wanner  and  more  saline  water 
over  the  southern  Grand  Banks  (8*  C  and  34.5  psu)  from  the  North  Atlantic 
Current. 


4.5.1  Temperature  Profiles 

Typical  temperature  profiles  for  six  months  of  the  year  for  the  most  rep¬ 
resentative  subareas  of  the  region  under  study  (Figure  4.36)  are  included  in 
Figures  4.37  to  4.87.  The  graphs  contain  profiles  of  the  mean  values  and  the 
values  at  plus  or  minus  one  standard  deviation  from  the  mean. 

4.5.2  Salinity  Profiles 

Salinity  profiles  for  typical  winter  and  summer  conditions  for  the  subareas 
of  the  region  under  study  are  included  in  Figures  4.37  to  4.87.  The  profiles 
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Figure  4.35:  lime-depth  distribution  of  the  monthly  mean  temperature  and 
salinity  for  the  Avalon  Channel  (From  Drinkwater  and  THtes,  1985). 

include  a  plot  of  the  mean  values  and  the  values  at  one  standard  deviation  from 
the  mean. 

4.5.3  GIS  Data 

The  complete  temperature  and  salinity  data  set  for  all  areas  shown  in  Figure 
4.36  for  the  12  months  of  the  year  has  been  included  in  the  GIS  data  base.  Any 
profiles  can  thus  be  viewed  or  printed  as  required. 

4.6  Sound  Speed  Profiles 

The  sound  speed  profiles  at  all  locations  skov  large  changes  between  sea¬ 
sons.  This  is  due  to  the  formation  in  summer  of  a  strong  thermodine  at  a  depth 
of  25-50  m  which  results  in  the  formation  of  a  surface  duct  that  practically  iso¬ 
lates  the  bottom  layer  from  the  surface.  In  the  winter,  a  strong  positive  speed 
gradient  exists  in  most  areas  which  results  from  the  surface  cooling  and  the 
erosion  of  the  thermodine. 

Sound  speed  profiles  are  computed  using  Leroy’s  equation  [1969]  for  each 
area  using  the  available  temperature  and  salinity.  Figures  4.37  to  4.87  show 


the  .'vaulting  profiles  {or  six  months  of  the  year  for  the  most  representative 


areas. 

It  should  be  noted  that  the  spread  about  the  mean  shown  is  not  a  valid 
statistical  quantity,  since  it  is  computed  from  values  of  temperature  and  salinity 
at  plus  or  minus  one  standard  deviation.  However,  the  lowest  salinity  will 
not  necessarily  occur  when  the  lowest  temperature  is  observed  and  vice  versa. 
Nevertheless,  since  the  fluctuations  of  the  temperature  about  the  mean  are  by 
far  the  dominant  factor  which  causes  fluctuations  in  the  sound  speed  about  its 
mean  and  since  in  most  cases,  the  variations  in  salinity  are  small,  the  curves 
obtained  are  judged  acceptable  to  give  an  indication  of  the  spread  in  sound 
speed  values  that  could  be  observed. 

4.6.1  GIS  Data 

The  complete  sound  speed  data  set  for  all  areas  shown  in  Figure  4.36  for 
the  12  months  of  the  year  has  been  included  in  the  GIS  database.  Any  profiles 
can  thus  be  viewed  at  printed  as  required. 


Figure  4.37:  Temperature,  salinity  and  sound  speed  profiles  for  the  Gulf  area 
#  1:  Cabot  Strait  West. 
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Temperature,  salinity  and  sound  speed  profiles  for  the  Gulf  area 
Strait  East. 
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e  4.40:  Temperature,  salinity  and  sound  speed  profiles  for  the  Gulf  area 
Esquimau  Channel,  Quebec  Shore. 
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Figure  4  42:  Temperature,  salinity  and  aound  apeed  profiles  for  the  Gulf  area 
#  d:  Northwest  Gulf. 


Figure  4.43:  Temperature,  ealinity  and  sound  speed  profiles  for  the  Gulf  area 
#  7:  Estuary. 
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e  4.45:  Temperature,  salinity  and  sound  speed  profiles  for  the  Gulf  area 
Laurent  urn  Channel,  Anticosti. 


Figure  4.48:  Temperat ure,  salinity  and  Bound  speed  profiles  for  the  Gulf  area 
10:  Laurent i&n  Channel,  Central. 
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4.47:  Temperature,  salinity  and  Bound  speed  proales  for  the  Gulf  area 
Shedlac  Valley. 
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2:  Northwest  Magdalen  Shallows. 
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#  15:  Southern  Magdalen  Shallow*. 
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Temperature,  i&linity  aud  sound  speed  profiles  for  the  Gulf  area 
Breton  Channel. 


Temperature,  salinity  and  sound  speed  profiles  for  the  Scotian 
i:  Sydney  Bight. 
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e  4  55:  Temperature,  salinity  and  sound  speed  profiles  for  tho  Scotian 
area  #2:  North  Laurentian  Channel. 
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Temperature,  salinity  and  Bound  speed  profiles  for  the  Scotian 
3:  South  Laurentian  Channel. 
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Figure  4  37:  Temperature,  salinity  and  sound  speed  profiles  for  the  Scotian 
Shelf  area  #4:  Banquereau. 
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Temperature,  salinity  and  sound  speed  profiles  for  the  Scotian 
11:  Emerald  Bank. 
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Temperature,  salinity  and  sound  speed  profiles  for  the  Scotian 
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Figure  4  67:  Temperature,  salinity  and  sound  speed  profiles  for  the  Scotian 
Shelf  area  #  22:  Browns  Bank.  (Can  be  used  for  Area  #  21.) 
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Figure  4.69:  Temperature,  salinity  and  sound  speed  profiles  for  the  Grand 
BarJcs  area  #  1:  Northeast  Newfoundland  Shelf  (Inshore). 
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Figure  4.71:  Temperature,  salinity  and  sound  speed  profiles  for  the  Grand 
Banks  area  #  6:  Flemish  Cap  (N.  Slope).  (Can  be  used  for  Areas  #  5  and  9.) 
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Temperature,  salinity  and  sound  speed  profiles  for  the  Grand 
8:  Central  Flemish  Cap. 
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Temperature,  salinity  and  sound  speed  profiles  for  the  Grand 
12:  East  Slope. 


W»y  July  SapUmtxr 

:  Temperature,  salinity  and  sound  speed  profiles  for  the  Grand 
#  13:  Flemish  Passage. 
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:  Temperature,  salinity  and  sound  speed  profiles  for  the  Grand 
#  14:  Northeast  SloDe.  fCan  be  used  for  Area  M  IS 


Temperature,  salinity  and  sound  speed  profiles  for  the  Grand 
17:  North  Avalon  Channel.  (Can  be  used  for  Area  #  16  and  18.) 


19:  Northwest  Grand  Banks. 
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24  South  Avalon  Channel 
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:  Temperature,  salinity  and  soynd  speed  profiles  for  the  Grand 
#  33  St  Pterre  Bank 
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Temperature,  salinity  and  aound  speed  profiles  for  the  Grand 
34  Hermitage  Channel 
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Temperature,  aalinity  and  aound  apeed  profile*  for  the  Grand 
36  Laurentian  Channel 


Chapter  5 


Biological  Activity 

5.1  Commercial  Fish  Species  T  ribution 

The  utt  under  investigation  coot  sins  scene  very  nch  fishing  grounds  Nu 
onerous  commercial  fish  species  are  found  in  large  quantities. 

5.1.1  Fisheries  Statistics 

The  statistics  for  tb*  fisheries  of  this  area  are  regrouped  geographically  in 
the  statistical  divisions  of  the  North  Atlantic  Fisheries  Organization  (N'AFO> 
shown  in  Figure  51.  The  main  co earner oal  species  are  listed  in  Table  5  1  bawd 
on  the  nominal  catches  averaged  for  the  years  l'JSO  to  1986  *— u  the  projectru 
Total  Allowable  Catch  (TAC)  averaged  for  1987  to  1  -  o.  Further  description 
of  each  stock  and  its  importance  is  given  m  TtoJes  5  2  to  5  5 

5.1.2  Fishing  Area  Maps 

The  maps  in  Figures  5  2  and  5.4  (  Groundfbh)  ,  Figure  5.6  (Flatfish), 
Figure  5.9  (Pelagic  species),  and  Figure  5. 10:  (Shellfish),  show  the  distribution 
of  the  main  Canadian  Atlantic  commercial  fishery  species,  ri.hing  areas,  gen¬ 
eral  distribution,  as  well  as  known  key  fishing  areas  and  spawning  arras  are 
identified. 
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Spent* 

Mean  Catch** 
1980-1984 

(’000  tons) 

Medtan  TAC 
1987-1993 
('000  ton*) 

Groundflsh: 

Cod 

596 

555 

Redfiah 

97 

160 

Silver  Hake 

70 

1C9 

Pollock 

56 

42 

Haddock 

51 

23 

Pelagic: 

Herring 

203 

232 

Mackerel 

40 

351 

Capelin 

54 

FUtflah: 

all  (5  »peoe*j 

107 

210 

Vrilov  tad 

20 

(5 

Plaice 

59 

55 

Haljbat 

28 

• 

SHellflah: 

Lob  » ter 

34 

- 

Snow  Crab 

35 

• 

Sea  Scallop* 

70 

' 

Qcnrrrncrj  in  F u Aery 
Inshore  |  Offthore 


Table  5.1:  Commercial  Bah  .pecie*.  Memo  catchy  1980-1986,  median  TAC 
1987-1993.  (FVv>m  D.  Rivard  et  al.,  1988). 


Fiyu*  5.1:  Stylistic*!  divisions  of  the  NAFO  convention  area 


Seasonal  Diat rib ution* Grand  Banks 

fisheries  activity  foe  the  main  cwnnwoul  specie*  of  the  Grand 
Banka  compiled  by  Mobil  Oil  [1984]  from  the  available  Fisheries  and  Ocean 
data  haa  been  included  aa  follows: 

•  Figure  5-3  :  Cod 

•  Figure  5  5:  Rrd&sh 


•  Figure  5.7:  American  Plaice 


Table  5.2:  Fish  stocks  statistics:  cod-haddock-poUock.  (From  RivTvrd  et  al.. 
1988). 
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